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PREFACE

The Special Aviation Fire and Explosion Reduction Advisory Committee (SAFER)
(Reference 1), recognized that aircraft seat cushions represented a
potentially important fire source. The SAFER committee recamended that
fire blocking layers should be evaluated for seat construction.

The Federal Aviation Administration (FAA), acting on this recommendation,
evaluated Vonar , a neoprene foam blocking layer, in a full-scale cabin 4

fire test facility to examine its effect on postcrash fire propagation in
the aircraft (Reference 2). The use of a Vonar fire blocking layer with
conventional seats significantly decreased the flammability of the seats and
increased the survivability time (Reference 2). The additional weight
associated with the use of Vonar-3, with a weight of 0.918 kg/m3 (27.0
oz/yd ), in the U.S. fleet, amounted to a cost of approximately
$31,000,000 per year averaged over a 10 year period (see Appendix E-l).

The Chemical Research Projects Office, Ames Research Center, under an
Interagency Agreement with the FAA, was charged with the responsibility of
optimization of the seat blocking layer design with regard to fire
performance, wear, comfort, and cost.

To achieve the above goal, various fire blocking materials were
characterized in terms of their (a) fire protection, (b) wear, (c) comfort,
and (d) cost as compared with currently used seats.

Pron our studies (see Appendices B and C), it has been shown that a number
of improved fineorthy seats can be made by protecting the cushion with a
variety of fire blocking layers.

The optimum material is Norfab®  IIHT-26-Al, an aluminized fabric which
will cost $11,600,000 over the baseline cushion and provide approximately
s*inilar fire performance as the Vonar-3 wrapped seat under small-scale fire
test conditions (Appendices B-1 and C-I).

This optimization program showed that some fire blocking layers such as
Nrfab lHT-26-Al gave better fire protection when used with non-fire

* retarded urethane. Thus, it is possible to use non-fire retarded urethane
with a density of 19.2 kg/m 3 (1.2 lb/ft 3 ) with the %brfab 1IHT-26-Al at
a cost of only $7,880,000 over the baseline. This represents a fourfold
*i)roveTnent over the cost with the Vonar-3 material.

11ii- rxlxrt is presented in two parts - Sections 1-7 which describe the work
cipleted under the Interagency Agreement, and Section 8, the Appendices,
where individual studies may be found.

Voriar ® is registered trade mark of E.1. du Pont de Nemours Co., Inc.
brfab® is a registered trademark of the ?Jorfab Corp.
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EXECUTIVE SUM'ARY

The purpose of this study, conducted under an intergency agreement between the
Federal Aviation Administration (FAA) and the National Aeronautics and Space
Administration (NASA), was to select and cvaluate low-weight fire blocking layers
for aircraft seat cushions to minimize the cabin hazards created by a postcrash P
fire.

The general approach was to evaluate the fire hazard characteristics and mechanical
properties of a s. ries of candidate seat cushion fire blocking layers, and
accurately compute the weight differential and manufacturing cost of each candidate
system as well as the impact on airline operating costs for the U.S. Fleet over a
period of 10 years. From this work, a number of blocking layer configurations,
optimized for fire hazard reduction and minimal weight penalty, have been derived

for full-scale fire test evaluation at the FAA Technical Center.

A series of eleven seat fire blocked configurations was evaluated using various
fire test methods and laboratory tests. From these tests, it was concluded that
seat cushions constructed with such fire blocking materials as Norfab IIHT-26-Al
in combination with non-fire retarded urethane foam provided a definite reduction
in the fire hazards with a minimum weight penalty.
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A/~f r ' rg 't oig omr:rcially uso1 cushioning xlymers, there is probbly no
bottter material fran meehanical aspects and cost (ca. $0.15 per board foot)
than conventional flexible polyurethane foams, and, unfortunately, none more
thermally sensitive. These polymers, because of their easily pyrolyzed ure-
thane groups and thenally oxidizable aliphatic linkages, exhibit polymer
dectnjxsition temperatures of ca. 250' C (5080 F), maximum pyrolysis rates
at 3000 C (5980 F), with a total yield of pyrolysis vapor of about 958, most
of which is ccinbustible. One would expect these materials to ignite easily
wit') L low power energy source, and when ignited, effect sustained flame
projgation even after removal of the heat source.

This report examines the possibility of increasing the available egress time
for passengers from aircraft exposed to a large fire, by providing fire
protection for the polyurethane cushioning.

At the present time, all canmercial transport aircraft are fitted with fire
retarled flexible polyurethane seat cushions (bottam, backs, and head
rests) with an average foam density of 29.9 kg/m3 (1.87 lbs/ft 3 ). With
aver age seat construction, there are about 2.72 kg (6 ibs) of foam per seat.
For 2,000 aircraft with an average of 200 seats per aircraft, this amounts
to 921,00() kg (2 million lbs) of flexible polyurethane foam in use. The op-
tions one might consider as seating alternatives to effect improvement in
the fireworthiness of aircraft interiors, and their limitations, are use of
the following:

fire resistant non-metallic (polymeric) materials
limitations: high cost, difficult processability, low

durability and comfort factors

plastics and elastouers with fire retardant additives
limitations: not effective for postcrash fires

fire blocking layers (FBL)
limitations: essentially none; although compromises will

have to be made in the choice of an FBL with
respect to ultimate performance as a function
of cost and weight, and the costs of labor
involved in assembling a ccmposite seat cushion.

The same classes of high char yield polymers that are known to be outstand-
irg' ablative materials (sacrificial materials designed to be consumed in
orler to protect other components) such as phenolics, polyimides, and poly-
bimzLmidazoles (PBI), can be made fire resistant enough to inhibit both
propagation and flash-over wfen used as replacements for polyurethane in
seats. However, when so designed, they all suffer serious limitations be-
cau s. of cost, processability, comfort, and durability (brittleness).
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N) fire retardant addiLtive kiqwrl to (ate can suppress production of cn!is-
tihle vapor fron 1)lyurethane foams under sustained heat fluxes. The only
r,,al )ption that exists at present with ccmnercially available comp)nents
se"ns to be the fire blocking approach; that is, to provide cost and weight
optimized ablative materials in the form of foams, or fabrics, which will
expend and dissipate the heat flux incident on the seats by producing non-
toxic non-camustible residues. Eventually, however, the ablating FBL will
be consumed, and attack on the polyurethane foam will occur. The time
neoed for ablation of the FBL, which is then the protection interval for
the polyurethane foam, should be optimized as a function of cost, weight,
dItrability, and other contributing factors, to provide the requisite egress
tim, for aircraft passengers.

One (,f the largest contributors to the developnent of a hostile envirornent
inside an aircraft cabin during a fire is the production of flammable and
t,)xic vapors from soft fabrics and furnishings, the bulk of which are con-
taied in the seats. The flamriable vapors produced by thermal decomposit-
ion of the urethane foam cushions are assuned to be the largest single
factor contributing overtly to this hostility factor during such a fire.
This, it is deemed necessary to find an FBL to minimize the hazards created
irn the post-crash aircraft fire. Preliminary studies (Reference 2) have
ho)wn that Vonar-3, 0.48 an (3/16 in) thick, is a good ablative FBL, bt it

carrie:s a heavy wei ght penalty producing significantly increased operating
cos ts. This study was perforned to find an FBL which will provide greater
cost benefits and comparable, if not better, heat blocking performance than
0.18 cn (3/16 in) thick Vonar.

Thte main purpose of this investigation is to evaluate the fire hazard char-
acteristics and mechanical properties of a series of candidate seat cushion
FiWLs, to accurately compute the weight differential and manufacturing costs
of each candidate system, and to provide a quantitative assessnent of the
effect of these factors on airline operating costs for the U.S. fleet over a
period of ten years. From these data, FBL configurations will be character-
i/|'d and ranked for fire hazard reduction and minimal weight penalty, and
will be recommended in rank for full-scale fire test evaluation at the
Feder'tl Aviation Administration (FAA) Technical Center.

initial interest in this problem of passenger survivability time, and the
developTnnt of severely hostile cabin environments, began when it was shown
that a Vonar-3 FBL over normal polyurethane foam cushioned seats provided a
!-ignificarnt reduction in fire hazard in a full-scale fire test (the C-133
wide-body test facility at the FAA Tecnical Center). Preliminary data fr(in
the FAA Technical Center indicated that the Vonar-3 blocking layer, when en-
ciasng a conventional fire retardant (FR) urethane cushion, appeared equiva-
lent in fire protective performance to full-cushion LS-200 neoprene, and
sif rior in performance to full-cushion polyimide, full-cushion FR urethane,
aINd 0.48 cn (3/8 in) M9-200 neoprene blocking layer over FR urethane
(lReference 5). However, LLse of a Vonar-3 blocking layer resulted in an
ostiated weight penalty of 1.8 kg (4 lbs) per seat. Thus, due to ever
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increasing fuel costs, the Vonar-3 blocking layer may not be cost effective
(see Appendix E-1). An FBL is then needed which affords fire protection as
well as cost effectiveness (both in terms of weight penalties and intrinsic
costs of rmnufacturing and assembly) for the U.S. fleet.

With this background, a work stateent arid interagency agreenent was devel-
,p)eld between the Federal Aviation Administration and the National Aeronaut-
i(-i and Space Arministration (NASA). Mhe studies described above indicated
that an FBL configuration must be Found which best fits four often non-
flicting criteria:

first, it must be a suitable FBL;
second, it must be light-weight to minimize fuel costs;
third, it must be comfortable, and

fourth, i t must have reasonable manufacturing and
processing costs via norml commercial sources.

The work stat-*nert in the interagency agreement between the FAA and NASA de-
lineates three specific tasks aimed at accomplishing this goal:

I. Selection and fire tests of candidate FBL materials

2. Develo[pnent of a weight and economics algorithm for aircraft
seat cushion configurations to determine cost effectiveness

3. Mechanical tests of optimum FBL configurations.

This report is the culmination of a group effort to accomplish these goals.
In the following section of this report, each of these three tasks will be
defined in detail, with results and discussion of the work performed in ac-
complishing these tasks. Individual contributions may be found in the
Appendices at the end of this report.

40
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2. S-E'U1,1'ION AND FIHJ TESTING OF CAN)IDATE FIRE BLOCKING LAYE

2.1 *IH(UIANIST[C ASPW1'PS OF FIRE BLOCKING BEHAVIOR: There are various fire
blceking ,aechani.sms thought to occur with existing materials that are pos-
sibI( candiites for blocking layers. These are described briefly below:

Tr-nspi rat tonal co)ling occurs via emission of water vapor to cool the
heated /nie. Vonar, a family of low density and high char yield foams, iLsu-
ally o(le with Al(()li) 3 powder, contains a large fraction of water of
Irydritisri, and is one of the best candidates in this class. It is available
it three thicknesses, Vorar-i 0.16 cm (1/16 in), Vonar-2 0.32 cm (2/16 in),
and Vonar-83 0.48 cn (3/16 in). Materials which depend on trarspirational
,AIinr by mass injection into the environment can be very efficient at high
heat fluxes. Unfortunately, these systems are less efficient on a Weight
h;isi s than those using other fi-e protection mechanisms.

'ligh temperature resistant fabrics such as P3I and Preoxe (registered
trzuttiark of Gentex Crporation), with char yields in excess of 60%, are ex-
cellorit candidates that utilize a re-radiative fire protection mechanism.
Sui table felt fabrics, which are also good insulators, have been prepared
* Irifn these pol-3ners in fiber form. These potential fire blocking materials
, Y hibit high temperature stability with low thermal conductivity. Fabrics,
felt!s, arid mats with excellent high temperature insulaion properties can
also be obtained from inorganic materials such as silica and alumina. Also
to he considered are the highly reflective continuous surfaces, such as
alirninum foils, which function by distributing the incident radiant energy
arld thus reducing local heat loads.

,Another mechanism which may be important in controlling the effective
:mss injection rate is the ability of the material to initiate vapor phase

rMcking of the conbustible vapor species generated by the low temperature
pyn)lysis of the [olyurethane substrate. The action of the FBL itself in
i[diucirg these endothermic processes can be a very important contribution to
*overaLl fire protection abilities. All of these materials in sufficient
ti~ijrkris-;s, in ccfnbination or individually, can provide the required degree
)t' t h#en l protection necessary for fire safe polyurethane cushioning.

'- unnation of the heat conduction and thermal rauiation properties of the
s tt cushion materials has Ied to the development of a simple cushion model
lxuio on six identifiable layers. This model cushion consists of the fol-
Iowiti, six layers:

1. the wool-nylon decorative fabric layer
2. the re-radiative char layer (formed fram the heat

blocking layer by thermal degradation of a suitable
fabric or foam)

:i. the transpiration layer (allowing vapor exchange)
4. the air gap layer
5. the re,fle(ctive layer (to assist in controlling

takhiln t e.riergy)

G. the cushioning foam (the primary component whicl
re.ltli re thermal protection).



In -.4ne (ases, for exainple I,-20)0 neoprene and polyimide, the F13L and cush-
i)n :ire a single suhstance, with no need for any additional FBI. crmnpoent.
R.O-radiatiorn can be effected by either reflection from an emissive surface
of ;tluviniun or from a hot char surface formed. The use of aluminum cover-
irig ,,n high tenl)p-!rature stable and/or char forning interlayers is imIx)rtant
i i, roediLstributing the local incident radiation, and the hot char or carbon-
itI!(i layers formed can dominate the re-radiation process. Thus, aluminized
char forning high tenperature materials, such as Preox 1100-4 or Nbrfab
1 IIT-26-Al, provide the best combination of mechanigrs. Nevertheless, it
shoiulA be noted at this point that efficient FBs are by no means limited to
this kinds of materials.

I ,mijor danger ii, aircraft fires is what is termed "flash-over", where flam-
,vibl e vap)rs trapped high up towarls the ceiling of the cabin will suddenly
izni te and propagate the fire across the whole upper interior of the air-
craft like a wave. A suspected major source of flammable vapors leading to
this condition is the decomposition of polyurethane foam.

In ablative (sacrificial) protection of a flanmble substrate such as the
flexible pxolyuretharie foam, wherein a limited amount of controlled pyrolysis
by thme FBIL is not only allowable but encouraged, secondary internal char
formation by thermal cracking of the urethane pyrolysis vapor is additional-
ly beneficial. Firstly, that part of the evolving combustible gas which is
fixed as a char cannot participate in the external flame spread and the
tLash-over process. Secondly, the additional char layer assists in insulat-
ing the renuinder of the foam from further pyrolysis. Venting of the seat
cmt-;tiion is necessary to prevent sudden release of combustible gases, and can
allow additional cooling via mass exchange processes.

. 2 R~ATIONALE M)R THE SEL CTION OF TEST MATERIALS: In delineating the
rationale for ,miterials selection, one must remember that there is a wide
range in radiant heating rates to which the seat sections are exposed in an
aircraft fire. In exposing the seats in the C-133 test aircraft to a large
pooil fire through an opening the size of a door in zero wind conditions, one
enourters an actual heating rate of 14 W/cm2 (12.3 Btu/ft 2 "sec). This
detysi to 1.7 W/an2 (1.5 Btu/ft 2 "sec) at the center line of the aircraft
(-ffrence 6). Thus, one of the apparent problems in trying to define the
thermal environment, which is necessary before one can consider the materi-
al-s respo)nse, is the highly gecnetrically variable distribution of heating
rat,-s, ranging frm values as high as 14 to as little as 1.7 W/cn 2 . One
must recognize also that the seat presents an oblique and irregular view an-
gli, to the incmirg raiiation. Under such fixed wind conditions, the seat
will undergo pyrolysis to generate a 90% (by weight) yield of combustible
gas}s frxn the urethane cushion core. At nominal heating rates of 1-2
W/on?' , this pyrolysis rate is not influenced by the presence of contmpor-
ary incorporatxd chenical fire retardants. The possibility of modifying the
:stanidiard stat(:-,of-the-irt Wxlyurethane seats via the incorporation of die mi-
* wil fire metardants was eliminated from further consideration. Bricker

-1
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({eh rerieo 4), using tests in the 7:37 at NASA-Johnson Space Center, showed
cle:rly that at heattiyi; rates above .1-5 W/cm 2 there was little or no dif-
ftrence Oi suppression of fire propagation from seat to seat for chenical ly
rtarded Iolyurethatie canpred to untreated polyurethane.

Te pritrary objective in modifying the seats to increase their fire resist-
ariee is simply to reduce the rate of production of flammable vapors fron the
iin-thaiie core cushion, and prevent the injection of such flammable gases
into the passeniger environmerit - a critical issue. Under the conditions
that ,xL.st in 1x)stcrash fires, it is quite clear that nothing can be done to
iritlierkee vapor pr(ductLon fram the polyurethane. An alternate option is to
r 'piam the polyurethane with raterials that do not yield flannable vapors
()h pyrolysis. Under the enormous heat fluxes that exist, such materials
will still pyroly-/, lowever, the pyrolysis process should produce a non-
filar thle char, leading to self-protection of the remaining foam. The P)ly-
imide loains represent Ln example of this kind, providing a high char yield
, on pyrolysis, andi not releasing flammable vapors into the envirorment. Un-
fortuniately, the cross-link density and aroaaticity required to achieve the
leNel of char yield was inconsistent with the mechanical properties, comfort
factors, resiliency, and durability of the seat, and these materials were
eliininate i from further consideration.

Tus, since we cannot replace the polyurethane core itself with another foam
that will not pyrolyze to a flammable vapor, then we must use an insulating
layer to provide the requisite protection. This FBL will provide ablative
(sn rificial) protection of the polyurethane foam core. Even with the FBL

li',, , ,it is still deorxed necessary to prevenit localized attack on the

jI)lyNirethane ouslhiori, necessitating some form of secondary protection (or
pr)tective layer) that will allow dissipation of the heat flux over as large
an :trea as px-xsible. The obvious method is to use a "wrap" made from highly
(',nductive aluninum sheet (aluminum minimizes any weight penalty, and has
A)f1 )f the best thermal conductivity coefficients available for any canmon

ettil), such that the lateral conduction capabilities will reduce local hot
s-I)ts, and further enhance the action of the FRL. There are several of
tiie.;e heat resistant, not easily pyrolyzed, low volatility moven fabric
,trials: Nnex) and Kevlar@ (registered trademarks of the E. 1. du Pont
dto 'Nerours Cor'p.ration), and Kynol® (registered trademark of American Kynol
COrl,,ration). Two that are ccmnercially available as aluminized carbon-
fibre hused fabrics are Prnoxe (registered trademark of RK Textiles Com-
p(site Fibres, Ltd.) and Celiox® (registered trademark of Celanese Cor-
porttion), and the aluininized-Norfab materials containing Kynol, Kevlar, and

(kw- surprisirg factor er.gied on examination of these aluminum protected
fabric FIR, systems. Since they are thin, it was riot possible to mairtain a
/ArY) tanperature change betm en front and back face of the FBL, arid thus
tw,'',s;:;ari ly sarv, (,e-graatiori of the surface of the polyurethane foam cushion
vi I i .)'ir. I H)wevr, the Wnck-t.-irface of these FRI, systems behaves as an

ili ,ti t ( aret Iio1.) ('atalytic suirfac(e, pr(xtucirk; rapid pyrolysis of the
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lxkt rntial ly flainnable vapor (and thus curtailment of their escape into the
envi ronment). Secondly, this eridothermic pyrolysis action produces an in-
t rinsic fire ablation mechanism, and finally, yet a third protective mechan-
ism nrksues, in that the pyrolysis process produces a thin (but effective)
,iar layer fron the polyurethane itself, strengthening the overall ablative
irvch;anism from the FBIL, and further protecting the remainder of the foam.
This three-fold bonus action, which is non-operative in the absence of the
FI, itself, provides a considerable degree of synergism between FBL and cen-
tral foam cushion. More interestingly, this synergisn seems to be stronger
with NF foam (a lighter and more desirable core cushion) than with FR foam!
Firnally, a fourth advantage is apparent, since it should be noted that the
al,,uninizii layer provides a degree of impermeability to the FBL wrapped around
the foam core. This helps to prevent liquefied urethane vapor from dripping

it of the cushion onto the floor, arid forming small secondary pool fires
urplerneath the banks of seats. This in itself is a valuable contributing
factor in preventing the attainment of a lethal environment in the passenger
'thiri of an aircraft.

We rry summarize the various factors contributing to our rationale for
rnxterials selection, and limiting the cushion configurations tested:

(I) Chemical modification of polyurethanes to provide fire retardant
properties was eliminated based on Bricker's wrk which showed
lack of effectiveness in suppressing the pyrolysis rate.

(2) Tlere are no canmercially available foam cushion systems which
have all the qualities needed for a seat such as canfort ar.c
durability and yetprovide sufficient fire protection.

('3 The most efficient method for ablative protection at high heat-
irig rates (5-14 W/cm2 ) is to use a transpirational mechanism
,Tblater. The most efficient transpirational ablater we know is
neoprene highly loaded with AI(OH) 3 , which gives about 50% (by
weight) injection rate of water into the environment (essen-
tially, the ablater is spent completely before the foam cushion
1*,Eriris to decanpose at all).

It hfas ben determined previously (Reference 2) that seat arras heat block-
eI with a neoprene FBL transpirational ablater at 1.0 kg/m (30 oz/yd 3 )
was :hle to effect an increase of approximately 1 minute in the egress time
Mien tested under large scale conditions. The major problem was that use of
siich an F13L produced an increase of 1.8 kg (4 lbs) in the seat, and is con-
.i iorably more expensive to use.

2.3 M'vATERIfl SKI'I7E:I) i formulating our restricted set of cushion con-
fi.rlrati.oris, the fotlowir conporients were selected:

2.3.1 I F(RATIVE (X)VER MA'FENIAL: The upholstery material selected was a
blue-col)red standard w-ol/nylorn blended fabric currently in use by a cin-
fnlr''ial "ai rline enpany.

7



. F. bIAWM (USCIII )N1P4iA"TI[,AL Two types of cushionirig foam w'ere tti-io i r
th st .,titdies, t fire-retared jxlyurethanie (FR, with density of 29.9
itI/lfl, 1.87 Ib/tt:-) arnd a non-fire retarded polyurethane (WE, density of
•'. kg! 3 , 1.15 lb/ft 3 ). . second form of NF foam was used for onke
to-t, i nvolvi ig a low density foam (16.1 kg/m 3 , 1.0 1b/ft3).
O)ixlition ,of the NF polyurethane is given in Table 1. Composition of te
'I1 jxolyiiret Ian is riot known (cnmercial ly controlled proprietary
i ,i trrat tion), Wut it is 'tssamed to contair, chemically incorprat ed
o r'jA o-haItde and/(or organo-phosphoru.s conponents as the fire retardant.

Table 1: Contents of Non-Fire Retarded Polyurethane Foam

OCnlonent Parts by Weight

Pblyoxypropylene glycol (3000 M.W.) 100.0
"-ltuene di tsocyanate (80:20 isoers) 105.0
Water 2.9
9i t icone strfftctant 1.0
Triethylenedi.,ur ne 0.25
Stitnnois octoate 0.35

2.3.:1 FIRE BI4)CK[4- LAYtERILS (Ft3L): This is riot a materials developnmeit
-tu, iy,i xt merely an experimental comparison of "off the shelf" mterials.
INt.ntial candidates are listed in Table 2 and are all ccrwercially avail-
ibl,,. As stated above, the optimn fire blocking seat should give equival-
tit or better fire blocking performance than Vonar-3 with no increase in

('ont ,nplrary seat *ight or price.
CL teria were established to screen potential fire blocking aterials

I)r'i,)r to inclusion in this study. These criteria included:
(aL) fire )locking efficiency as it relates to weight,
(m) mechaiical properties ,ith respect to confort,
(e.) wear of the F'IL, and
(d) .',st.

\y VIM, tnat lidi nt perfonn adequately in each of the above categories was
d isiali fied. Several F9It ixtsessing optinmrn fire blocking efficiency
irit'r- lairatory teits wert also teited by the F.A in full-scale tests
(<,-13) to dtAter nine fir,- pro-tgation under the simulated plstcrasr firp

,iitti of s. aer prprties were not evaluated in etail and only prelimi-
t,-., ;id pArtial results are given in the repY)rt. Ccnplete test reults
x i I Iwproviii ii i se4parate report.

A ii a i [ iI -l . * ' . . . . .
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TABLE 2: S*AT CUSIlON CONFIGURATIONS SEL= ME FOR EVALUATION

Config- Fire-Blocking FL. Weight Suppliers of
uration Foamt LAyer (FBL) kg/m

2 
oz/yd

2  
Fire Blocking LAyers

F FR urethane- none

2 FR urethane* Vonar-3, 0.48 cm (3/16 in) 0.91 27.07 Chris Craft Industries

1980 East State St.
Trenton, NJ 08619

3 FR urethane* Vonar-2, 0.32 cm (2/16 in) 0.67 19.d7 Chris Craft Industries

1980 East State St.
Trenton, NJ 08619

4 FR urethane LS-200 neoprene 0.95 cm (3/8 in) 3.0 84 Toyed Corporation

16 Creole Drive
Pittstburg, PA 15239

F FR urethane Preox 1100-4 0.39 11.53 Gentes Corporation
aluminized Preox fabric, P.O. Boa 315
plain weave, neoprene Carbondale, PA 18407
CTD. P/N 1299013

6 FR urethane Norfab IIHT-26-Al 0.40 11.6 Amatex Corporation
aluminized on one side, 1032 Stonebridge St.
25% Nomes, 701 Kevlar Norristown, PA 19404
5S Kynol, weave structure
X11 plain

7 FR urethane 181 E-Glass, Satin Weave 0.30 9.2 Uniglass Industries

Statesville, NC

8 NP urethane* Vonar-3, 0.48 cm (3/16 in) 0.92 27.07 Chris Craft Industries

1980 East State St.
Trenton, NJ 08019

9 NF urethane Norfab 1IHT-26-A1 0.40 11.8 Amatex Corporation
1032 Stonebridge St.
orristowa, PA 19404

10 LS-200 Neoprene none

11 Polyimide none

12 MF urethane light Norfab IIHT-26-Al 0.40 11.8 Amates Corporation
1032 Stonebridge St.
Norristown, PA, 19404

Notes on Table 2:

All decorative uphcstery is a wool/nylon blend fabric (R76423 Sun Eclipee, Azure Blue, 78-3880)
by Collins & Alkman, Albemarle, NC.

Suppliers of Foams:

FR urethane (No. 2043 PA foam, density of 29.9 kg/m
3 
or 1.87 lb/ft

3
):

North Carolina Foam, P.O. Box 1112, Mt. Airy, NC 27030.

NF urethane (medium firm, 1LD32. density of 23.2 kg/m
3 
or 1.45 lb/ft

3
):

Foam Craft, Inc.. 11110 Business Circle Dr., Cerritoe, CA 90701.

NF urethane light (16.1 kg/R
3 
or 1.0 lb/ft

3
):

Porm Craft, Inc., 11110 Business Circle Dr., Cerritos, CA 90701

Polyimide foam (19.2 kg/m
3 
or 1.2 lb/ft

3
)

International Harvester, 701 Fargo Ave., Elk Grove Village. IL 60007

LS-200 neoprene foam: Toyed Corpnration.

These pollurethans foams were covered by a cotton/muslin fire-retarded scrim cloth, weightng

0.08 kg/m (2.6 oz/yd
2
).

r
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'!. 1 "Iw I-I''IN;i -OF CVNII)A'I-: SlAT CUSHI)N (f)NFILURA'rIONS" 'lie secorid task
dt--,'ril)od iin t ho agroementt wL to evaluate candidate seat-cushi'n/FB, con-
I rqat.IiS u in ri -i(,ries of fire tests ranging frIn small sample tests to
I ati* sc'1 ( tt-j ts ( )n frill ixnI;ks ()f seats.

. 1. 1 N\-ATI'S "T-3 BtLILNER TT S'1'W.iSULTS: A series of initial scrt.erii rig
-t,. a tor- ix)teIttil aindidate blockinlg layers was conducted by Scientific

.er'vi.s, Inc. (Roti i City, CA) for NASA. The objective of these tests
w:;, t.() c(rrklar, the effects of thermal exposure oii the standard seat cushion
(tt,. ixtseline referetce seat was taken to be FR polyurethane covered by a
W()l -riylnri blendcqt dec)rative fabric) and a number of candidate F13L corfig-
ir:tt i,).s, by rrvts.Lrrig the time that it took to raise the temperature of the
;lirlt c, i the foam material in each sample to the degradation temperature
(typical [y :9)00 C or 5980 F). The test procedures used are delineated in
Ap,,idix A-1. '1isieally, 22.9 x 22.9 am (9 x 9 in) areas of the various
t a,:It cushion (x)nfigurations were exxsed to heat fluxes of 11.3 W/n2

(9.:h tll/ft 2 /soc) and 8.5 W/cm2  (7.49 Btu/ft2--sec) in the NASA-Ames
brick furnace. Il, rrrocouplles were placed at various depths in the foam.

!'htr I"L est.I ar,' li-sted in order of descending time for the foam to reach

ILS-2(1) neopret .ne - 0.95 an (3/8 in) thickness
Vonar-8 - 0.48 cm (3/16 in) thickness
V(oiar-2 - 0.32 cm (2/16 in) thickness
N rf.th t irI-.26-Al
Ir(.x)x 1100-4
181 E-kflas:3
no F3L

'ri,')n't,,rlit,.y , the heat flux ir the T-3 burner test is too high to dis-
• r' i i'tat hetmen --;mal. 1 di f fereNices in test results.

'. 1.' 'I'I t!",IAI, i ,%L, 'IiThI!,.FI()N ()F \IIV'IIAIbS: lhe physical characteristic-s
midi ,r' thtilv, l :s1ro;s of tire candidate cushions were determined usirg
Cu *,nn~egi'vimtr'ic analysis (ThiA), differential scanning calorimetry (DSC),
arid .u NASA-:Ts NS qnoke rensity (iuwaber. The N3S smoke chamber gave the
O't,1c[oinultisive Alit.t. In 'R;iA, the sunples are heated at a constant heating
r1t,., isr1:t1 ly l mehor a lli tr)gei, ttinxsplhree, and the wight lss recorded as a
lir'ti.m ) f t( nl ttir'. 1fi p )Immer • dec(lfnl)sition temperature (Pill), thw

*,C r ratir-e her.,r tre rrvts i loss ratt is the highest, the temperature of
,',Jipl.te pyrolysis, and the final char yield in percent, are detenniiied as
laracteristic paranieters. In I1C, the electrical energy required to

*,naintain thermal equilibrium betwee, the sample and an inert reference is
,r;uiir,-Yi as -i furction of tenlerature. By calculating the peak area on the
ci atr , and the direction of energy flow, the endo- or exo-thetrnicity of
transitionis ran tbe determin d. Appendix G-1 contains more complete data on

i ',+ t ?riri I .haracteri:sti-cs of t)e aterials 1s(.1 i r these tests.



2.,4.:1 mss iNJCrioN S [ps I) TiHE ENVIROM-NT: The primary purpose of

these experimental determinations was to determine the extent with which the
polyurethane foam decomposed on pyrolysis and gave rise to mass injection
int) the environment of the highly flamnmble urethane vapors suspected of
causing flash-over and other fire related phenomena. This investigation was
huiie for NASA by San -Jose State University (Appendix G-1) to deternine the

wei Iht loss factors sustained by the urethane foam cushioning material, as
well as the other seat components, both as a function of time, and as a
turition of tle thermal flux incident on the front face of seat cushions.

'he NT3S .noke chamber was modified to measure weight loss as well as smoke
doinsity, as a f.nctior of time, at a specific heat flux in he range from
1.0 W/an' (0.88 Btu/ft 2 /sec) to 7.5 W/cn 2  (6.61 Btu/ft'/sec). Two
hirning conditions were simulated by the chamber:

radiant heating in the absence of ignition
fl:ming combustion in the presence of supporting radiation.

Test samples ("mini-cushions") are approximately 7.62 x 7.62 cm (3 x 3 in)
in -i.'e and 1.27 cm (0.5 in) to 2.54 cm (1.0 in) thick, composed of urethane
foam wrapped and protected by a heat blocking layer, and wrapped and secured
by o)ol/nylon upholstery. Fach component of the seat configuration is
weLghe(d individually. The simples are suspended from the balance and
-uljecte( to a known heat flux in the NBS chamber. ,bass readings are taken
every two seconds via an automated balance. After the test, the sample
oishions are opened carefully, and the remaining urethane foam is weighed to
detemine weight loss of the foam itself.

It ,as a.~surred initially that fire protection performance for each of the
c m ponents would yield a final additive effect; this hypothesis was tested
by use of single component samples thermolyzed under identical procedures to
that ,used for the composite mini-cushion. No correlation was found. As
mentioned before, in some cases, use of the highly flammable NF foam (and
N')t FR foam) actually improved the overall performance of the sample. These
r(,ults w*ore based on mass injection measurements. The decorative fabric
proved to have little influence on the performance of the heat blocking
layer, although previous testing established that this component contributed
rurkedly to the smoke content of the environment. After initial testing, it
was determined that the amount of gas originating from the urethane foam
injected into the air would be the best criterion to choose in following the
thermal degraiation of the seating material. However, much of the urethane
foam was seen to decompose to a liquid rather than direct vapor, seen also
in tle Mclbnnell Douglas full scale testing procedure (see Appendix D-l),
and overall mass loss could not be partitioned between direct vapor
injection into the environment, and this liquid phase injection from the
Fxlyurethane foam.
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'"1le specific rMss injection rate for Vonar-3 protected seat cushions mus
t,irid to he over half that measured for the baseline system of wool/nylon
ieto)ratve cover over FR foam alone. This in itself is a substaitial
,'Withcti,)n, albeit with a weight penalty. However, Preox 1100-4 and l)rfab
I IHT-26-AI gave lom.r ,rlass injection rates than Vonar, with the added borius
)t ftr, ,vin low,.r weight. [xenalty than Voriar.

'rlh,, ,lass injectiun rate into the environmerit is predicated on the mass lost
bhy the uirethane fowm itself, an assumption that is empirically reasonable.
A rtelative Figure of Merit (FOM) is defined in terms of the mass injected
int) the environment for any thermal flux, the seat cushion size (surface
area (xposed) and time of exposure to the fire source.

[-eat Flux ].Area Fposed].[Exposure Time]
. =[q/[m =

[Weight Loss by Polyurethane Foam]

Saun:plo-. 4iich exhibited superior performance have been arbitrarily defined
L'i tiI(se which have an FOM greater than 5 X 10 4 watts.sec/gram at
,.. W/Cm2 . Thus, the larger the FUM, the greater the fire blocking.
*rLk)rm.Ice exhibited by the sample. Of the configurations exhibiting art

F; A > 5 X ... 4 it is important to note that 80% utilize Preox 1100-A as
the, heat blockirig layer over NF foam. Moreover, samples with ventilation
hol](s punched through the heat blocking layer to allow "breathing" (merely
mt ircruesed pxtsibility of dissipative cooling effects) by the foam showed
t:i ix,.st heat blocking performance.

I. A CALBIN FIRE SIMPLAT(* TF-NT RESULTS: The Douglas Aircraft Company
e,,t't')rt~ full scale seat bitnk tests on 13 different seat cushion configur-

1tu. (Appendix f-i). Fire blocking layers, when present, covered all
-tis )of the cushion. The 13 configurations used are listed in Appendix

:)-I. :)ir rsions of the top cushions were 43.2 x 60.9 x 5.1 cm (17 x 24 x 2
i t) and (of the b)ttom cushions were 45.7 x 50.8 x 5.1 cm (18 x 20 x 2 in).
"lit, tests *_-re performed in a Cabin Fire Simulator (CFS) Yhich is a double-
w\vjlexi steel cylinder 365 cm (144 in) in diameter and 1219 an (480 in) long.
* view port allowed photographs (closed circuit television) to be taken
,,irirg testing. Jiranel-alumel thermocouples were placed inside the seats

t., , mitor tenperatires, and heat flux calorimeters were installed to moni-
t )r" tle heat flix from an array of 46 quartz heating units, which produced
Sl,) ! '

A, (8.8 ntu/ft 2 - sec) at 15.2 cn (6 in) from the surface of the
S1. uI s. "Ilie .se.at C ushions were weighed prior to the tests. A propane gas
I igntf-r waus ignitel just as the heat flux was switched on. This ensured
r,.ijrI lucihle ignition of the urethane vapor, and produced a severe fire test
(-()ri iriirationu. The radiant heat panels renined on for 5 minutes. After 15
'Ui i t-, , t i. t t wer'- t,',lnlrn't,n . Th1e r(sidte vas rnm)ve,| frown the seat

1::1 u'nil',llt %VIi i"t IfN.



0

13

khiaricteristical ly, the polyurethane foam thezinally decanposes under the
extrmw heat into a fluid form and subsequently to a gas. In the flAid
fonn, the urethane drips fron the seat cushion onto the floor, forming a

dllfi1]e or jx)ol. This pool of urethane fluid gives off gases which are ignit-
edi by burning debris falling fron the seat. This results in a very hot pool
fir( engulfing the seat in a matter of minutes, and must be controlled in
s'xne ruinner if realistic egress times are to be achieved.

)f the fire blocking layers testel, the ones which showed less than 25%
..hit loss, and therefore gave the best performance as a fire blocking

layer are:
L3-200 neoprene
polyimide with polyester
Nbrfah llHT-26-AI (FR foam)
PreK)x 1100-4 (FR foam)
Vonar-3 (N foam)

l)tailed results may be found in Figure 1. LS-200 neoprene and polyimide

1-'igure 1: WEI(GHIT B)fSS OF VARI(S CUSHION ONFIGURA'rIONS

CUSHION
CONFIGURATION

BASELINE (1) 10OX

VOKAR-3/PR (2) 35.7.

VONAR-2/PR (3) 37
.
4

VONAR-3/N, (7) )24.9%

3/8 IS-2001FR (4) . 3] 34.
PRKOX/FR (51]266

PBI/PR (13) 38.8.

NORPAB-AL/PR (6)241

NORFAB-AL/ N (8) 28.6%

NOR-AB/PR (12) 160.9
IS-200 (9) -- 7 27
POLYIMIDE (10) 28.7,

POLYIMIDE (11) 12.6%
W/ POLYESTER i & i I I I I i

0 10 20 30 40 s0 60 70 s0 90 100

PERCENT WEIaT LOSS AFTrR 10 MINUTS

urt, advared to-Tv wich are used as both the fire blocking layer and the
',tra] (cushion itself. They are superior to the fire blocked systems
t--;t.,xI iF, fire protection performance. The major disadvantage of TJS-200
rt)lrrie is a large wi.lght penalty. Equally, polyimide foam provides good
fir', protection, but the foam is extremely hard and uncifortable, and es-
;.rt ill ly fails the "confort Index" criterion. This is discussed further
rikfor" "Me(chariical Tests".

6
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WHt11, tLi11 ti 1-( hi)',ki IL', I i s able to containt the deornposi tig uretaiwae
by-pr( iits (,A-- i[I thoi)Se- F31, .ot fIguratioris tisirv altamititzed fabrics that
:ar, iinprl , pahtfl )) li. itid pin)ducts), the cushLors clo)sest to the heat source
hitori wit!i loss intterisity, generatirg a minimum of heat. More imLxrtantly,
tlhoy are unrable t) igniLte ;adjacent cu shions. However, when the decx nlxy,.sirig
ulre( thaie fluid is able to escape fron the fire bl-cking envelope arid form a
pool )n the fl)r, an uncontroiled fire erupts Wiich r(,utts in total burn-
ing of all cushion i terials. The aluninzed fire blocking layers, both
Nrfah 11PIT-26-.l arid Preox 1100-4, provide significant fire blocking both
viui their al umi ruiin reflective coati.ng, and their non-permeabiiity. Seam
constructions - ignificantly af fected rc-3ults of these tests. Had the seas
held, not al I )wing liluid hy-products to pour out onto the floor, the
overal l seat diier;tiatior pr)ocess may have been even less :-severe. Seam
d(,s-igri is a fal ',,)r Aiich eioos further examination.

'essf. wer Jx)t'fomled with b)th Nortab 11HT-26-Al and Norfab without the
alimittn iu ixckirit, and indicated that aluminized materials provide a great
deal rfwr fire protection, presunably (as -3tated before ) involving both
rai ant r,tl- etive offf-cts and obviation of localized heating effects.

'flu lignire of Merit cnparisons derived by rionali-rg the efficiency of the
hbixtking layers tested with respect to Vonar-3 over F11 urethane are listed
in Table 3, aliong with other pertinent data to deternine the most efficient

Tabie 3 : SS IWSS DATA AS A CRITERION OF I.EkT BL0CKING PERFOMWANCE

AT 2.5 W/cm
2

SPECIFC FIGURE
DCI FTION SUFAC MASS OF RE MI TEICr
OF HEAT ThIaCMS DENrIY* RJJCT O FIGU E
ERxING OF . *H '5  

I OFlI- / NF Foam M Fow
CODE [AYER (uL) cu 9 g/ ,eec watts.tec/g Ilto x 10% RW (gram) (gram.)

291 Nkne/
Wool-Nylon/ 0.0 0.0 l2x10 "5  

2. 1104 45 7 1040 1542
NF Urethane

3 Vonar 1/
Wool-ylon 0.152 0.055 7.3x0 "5  3.4x10 4  51 6 1721 2113
W" Urethane

15 Vor 3/SWIol-Nylon/ 0.463 0.111 5. b0a- 5  4. ,d0 4  
104 4 2035 2426

NF Urethane
369 100 Al (tip)6e9 lx/WDo - 0.089 0.039 3.3x0

- 5  
7.6x10

4  
162 2 1699 2090

Ny ln/NF l re.

372 I01 Al (up)
Cel iox-*bol- 0.071 0.053 2.8xl0

"5  
8.9x 10 189 1 1528 1919

__ n/N Ure.

375 Norfab/
Wool-Nylon/ 0.088 0.040 4.5x10

"5  5.5410 4  117 3 1539 1930
NF Uretshane

17 Vanar 3/
Li.xol-Nylon/ 0.463 0.111 5.3x10- 5  4

.x04 100 5 2035 2426

FR liretham

-OLNYLM FABRIC: 591 grare per seat Densties can be calculatod frui these
-HEAT BIXXJIN LAYER values a d the indicated H& thlc ess data.

449 grawm per seat "Density - Surface leniaty/llicknese"
FRLPTHNE 840 gram per seat .

q is a standard heat flux of 2 5 watta/ce
2

-Scaled relative to t. for Vonar III heat
blocking layer with a value of 10n
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ft rt [l (xking layers. It is true that Vonar-3 perforxi better at the higher
heat flux level of 7.5 W/n 2 (6.6 Btu/ft 2 -sec), but at the heat level of
irit,"re-st, 5.0 W/an2 (1.4 Btu/ft2-.sec), it was approximately equal to the
thier heat blocking layers. However, complete data at 5 W/an2 are not

available at this time. Both Preox and Norfab perform well as fire blocking
layers, with no great difference in performance between the two. It can
a;Lo bu seen frrn Table 3 that Vonar perfors equally well with both non-
fir, retarded arid fire retarded flexible polyurethane foams. Plots have
heon, ,ade of the FPM versus heat flux for both types of foams with various
fir- blocking layers, and they may be found in Figures 2 and 3.

* itir-, 2: 'TIIA1MM, PYIC[ICY CWMPARISON OF HEAT BLJCXKING LAYERS FOR
FR IJRFMNANE AS A FUNrlION OF HEAT FLUX AT 2 MINUTES ELAPSED TIM.E

-0- WOOL-NYLON/F.R. URETHANE ;367

0" WOOL.NYLON/VONAR 3r COTTON ;17

10.0 -- WOOL-NYLON/VONAR 2D COTTON *11
WOOL.NYLON/PREOX ® 1100.4 9373

P.. -C- WOOL.NYLONINORFAB* IIHT.26.AL #376

-- 4-- WOOL.NYLON/181 E.GLASS#377

' s~o '.\\ \ .

°\
2.5

5.0.

2.5 5.0 .5
HEAT FLUX, W/cm2

'11, l1-E Glass fabric exhibited the lowest fire protection at 5.0 W/cn 2

(p1.4 Btu/ft 2-sec) when the expx)sure time was averaged over a 5 minutes
period, ari intuitive reasons would indicate that these inert inorganic
materials, which are unable to provide ablation protection, probably will
riot prove to be w rth-while FBI, materials.

A cost/we.ght penalty study of the different blocking layers shows that the
r' -radiati.on (x)linw systems (in general, aluminized fabrics) provide far
1-rhtr cost-efficiency than the transpirational and dissipative cooling
sy":i~~s :uch as Vonar-3. These results, and the canparability of the fire



.'l r, :3: 'MEM.l. EFICIEWY (YhPARISO)N OF HEAr BIfXCKING LAYERS FOR
PNF URIMflANE AS A FWJrION OF HEAT FLUX AT 2 MINUTMS ELAPSED TIMEu.'

21 -.-- WOOL.NYLONIF.R. URETHANE *367
10.0 + • .". WOOL.NYLON/VONAR 3'4 COTTON 15

019 -0-- WOOL.NYLONIPREOX0 1100.4 312

-- *- WOOL.NYLON/NORFAB 11HT.26.AL9375

7.6

'* \\

5.0 * \

- \ .

2.5

NEAT FLUX, W/are2

proteo:tion performance shown in this study, point in favor of aluninized
f:thri(-s for possible use as cost efficient heat protection systems for the
[Y)lylrothane foan.

F)r ,]arity in presentation of thermal performance as a function of Aeiit,
tho plot shown in Figure 4 is most useful. It can be seen that the Vonar
,ivts do not reet the desired performance criteria. Vonar-3 is too heavy
:tmi Voriar-l is riot sufficiently protective. Preox 1100-4 easily meets both
,of t hose -ri teria.

RIHults of th,.ese studies are summarized in ternm of a standard tourist-class
:ti rcraft seat in Table 4. Again, these results show that on a weight basis
oth ,aridirhte ablative fire blocking layers are about three times more cost
',H'ctive than Vonar-3. These figures are conservative. Seats can probably

h ,viriufactured anii used without the cotton/muslin seat cover, and other
wo igh.t savings can protably be realized in practice.

Fial ly, it sho)uld be stated that, although Preox 1100-4 offers slightly
s ,itrior fire protection Ixerforrarice Mier, conpared to Norfab IlHT-26-A it
i -,4-n that non-fi re retard(le polyurethane foam with E linzed No3 -tb
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I I I P-26-A I~ ioiig laverv cczres closest to rr-e(ti-rig the target goal of
thti study , rwVlv , e.1(11i.VJaLerit fire pe-r forrrarice to Vouar-3 arid the iails
j rirt ist-~ it, -;oaf meig1i L

Fi *l- 4: RLIATIVE FIGURES OF \1b11T O)RI S1T1,FCT HEAXT 131)2KIN MATERIALS
INFI) R) PWN!i'E7j NF UJRE'1IXNL. FOAM \'KLSUS ESTIMLATED SEAT WEIGHTS

101 'r~ .. N LUX
180

All foami tested is
NY urethene vit0each or 1 L'

lOC PR'l heal blocking
16 hrnreiy Acceptable nlaers

Region, and Ili tarincae
Than the St ad

Seat
l..0

120

Vonar-3 Mbizza acceptable ~
theral perforuce

100 .mbased an Vonar-3 as
16 110 1t zm 2 next blocln layer to
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: . I)i.K'li(M ,NT )t wIGHwT AND O)NOMICS ALGORITHMS FOR SELELTED SEAT CUSHI().N'

Art), t, io speci Fic tasks outlined in the NASA/FAA agreement was to provide
u' r'ite mL-ht iifforentials, irufactiririg arid operating cost informatior,
*),rtIi ,int to each of the seat configurations for the projected U.S. flee t
,,,'..r" :i 10-year period. This in formation was to be provided by a ccnputer
po ,'tin dveloped in -A suitable manner for use by the FAA.

-S. I oV'VE;I )f EN1' OF A E[CET AWkt)RIT1 I: The problem has been addressed for
NA.A )y XIU)N, Inc. arid Itifornatics, Inc. (Appendices E-1 and F-I). They
tiav,, leveloped a .metiodolcy to calculate estimated costs of the manufacture
i:,,A )l u of advaticeii aircraft seat cushion configurations. The primary focus
N:t:h t) evaluato the cost impact associated with manufacturing and flying
var'tri. seatt (oriifgurations on the U.S. Fleet. The data has been organized
tnt.) the folloviri, groups or files which allows for great versatility by the

tr tfluser:

cush.ion dimensions data: allows varying dimensions in the
seat height, width, and depth

_ ,i.shior, materials data: lists all materials used in the various
configurations and a brief description of

each material, including estimated costs

u.tshiori configurations: defines seats comprised of six possible
layers (upholstery, scriin cover, heat blocking

layer, airgap layer, reflective layer, and
Foam), taking into account the cost and weight

.f each component

reference cushion configuration: allows generation of comparative casts,

as compared to absolute costs, by allowing for

changeo in data on the reference cushion

tircraft fleet projection data: allows changes in the projected U.S.

fleet sire as given by the FAA

'new' aircraft delivery schedule data: allow for changes in the

estimated on-line aircrafts coning into use

in the U.S. fleet

i tuel cost projections data: allomi change in the projected fuel costs.

SI,,tailed obgical [low of the program, taking into account all of the axve
p;,trxurters, is giveri in Appendix F-I. 'n outline of the algorithm for the

'tir'ront. cost fryIo1 of these seat nrroificitiorns is shown in Figure 5.
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I~ t[ -I I' ' t W \ t. :I%, V-- ': i i FjI . , eachi wit' a wear life of five
Ve:t I",, 't . p1:)t I- I t-4 iItt I t i tv-r~at* smt-at t', un, deniity. Ilie average

;'*w i.'( ; r- r, a? r*~i ied. art!ii r ri-t ir(, retardeel fI ex ib] e
Itl~l I kf. h~e i -tci~ ts 7. 2 kg,,/n~i anid 22. 4 kg/rn3  (1.7

aft I 1. .1 0 -Ir.. I >Wtt r, i -x -L i v T' I~ )fs I ioni-f ire retarded-
phi 1 *r.tit -vu'. I I d -rL- 1Ir4 t i \' l :hit')prI i )r Wr th is appli ca t ion.

) I ert IIt t I - ;~i~ AIt x ~t I<m~r dercsity limit is for the use
l .~ rt, rt'tatrttIi~j i"tvt f-mv klill.' -til i 'niiitairiirg the ntcess.,:ary

V b~i b 'I. I tha t 1rt kx i lot i- andi ,ovrtdh 1) iIT23 as cand idate
A 'I 11U- t I r. 4 r*-rde.+d p I yill't-are f owin -koul o 'I -;t is I i t tie as S6i mi I -

I i i d tr- , 1r t he Voriar-3 rr dificair 10 :urit to 'thrut f ive
I;, rt~h !I~~) li I I n lot t(' ar.

* I. N Mt~f\ATI VI- H-IAMC~ICS G) USE F'OR SELFXJFI) S[AT CU1SHIO)N CXlNFt(;LIJAT IONS:
IllF !~tii(5,Tri. ,(Appendix E-1) tmp1errm-ntod the set of progrms Lfised on

1# wl *h Nt'h()ikA lob y developed by EXD)N, Inc. , wi t~ an inrteractivye crinfuter
pr" *o . t (! ripto costs to h iiId arid f ly va r i~xs a irtc-ra ft sea t corif Lgura t-

-;oP"i prir rzas- al I Ow ti i user to tel I t rie (2,(jlpi to r to store i riformat-
i f, ili iti0 ~ trill oltracteristi c-s of seat r teriais , mratrial. suppliers,

~-,it nii r ,raft iar.ictteri stics, fuel prc ,arnd seat designs.
'tV' *r' 'rvt t 0! re-stlt s. cl -t~s to make the se ats, seat comfposi1tioni, and
if 1 t. ir, th. l'rjie'totr t ;h it'-itgrr, thien li r-cts the c(nputatioi of

i -1t m 1~ 1!1.1 ('tsts r i~'tell for tten years, IiLsed on annual
r' rt i, i i w l r ii s tr ) ;tJ' s'D i ~ e t r~fequtcy and rretIKd of sea t
rI I.v 1fl I r it T rf, i i jt, ,rrt 1, )fli as wel a is th e c(Jnpx) i t ion of) the

'L'! tel, i~ m ~ t1
II. i(wf t'l I seat (Ifirid.

'~~ I Pt ,,',U 1 'iitic Al ' te riser's mairial T 'ay be found irn Appendix
t-i \ w bol .x- lwvnrirv. iixwr tiv(ri by this program is found in Table

-1 -v - - - -
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rt)ho 5: PROJt[';[]) (IXOS'T'3 {'l(IW( { 1986 K)R ' ,iE PURCHASE A"D FLY1%I (iF SU.
:H E : .Ai1T o)NFIGURXfION,.S SIW ONE PART T(I-AR 4E'PHl-) (V SEAT
UP! AQ(h'iLN'I'

VONAR3 NORFAB NORFAB LIGHT
CODE*II 0 CODE* 002 CODE# 009 CODES 012

--------------------------------- -------------------------------------------

METHOD GRAD GRAD GRAD GRAD

SEATLIFE 3 YRS 3 YRS 3 YRS 3 YRS
--------------------------------- -------------------------------------------

COST TO FLY(C986) 51566. 84139. 57196. 50689.

I -COST TO BUY(1986)
MATERIAL 6996. 7634. 13312. 13312.
MANUFACTURING 11799. 11799. 11799. 11799.

TOTAL COSTS(1986) 71351. 193571. 82397. 7528.

DELTA COST-FLY(19S6) 0. 32572. 5631. -1477.

DELTA COST-BUY(1986) 0. 648. 6326. 6326.

DELTA COSTS(1986) 0. 33221. 11956. 4849.

--------------------------------- --------------------------------------------

0o.ts in Table 5 are given in thousands of dollars.
O))B# 001 - uprotected FR urethane (used as our I-seline reference cost)
0 )I)E# 002 - Voriar-3 protected FR urethane
,J)1%# 009 - obrfab protected NF urethane
0I)I# 012 - Norfab protected low-density WE urethane foamn

Tn ppndix E-1 are cost swriaries using the three replacement methods for
tlhe 1P corifigurations indicate] in Table 2 on page 9. Three methods of seat
r- plac(ryrit are used in calculating the replacement costs involved: a
",,rual" (GRAD) replacemerit of the seats, depicting the present attrition
rate of used seats, a "no replacement method" (NORP) which is replacement of
.,oat. in new aircraft only, as they are introduced in the fleet, and an "im-
mediate" (IMMI)) replac(verit of all seats in the present fleet. ±able 5
liv,; (,-ts for a gr.aiual (GRAD) method of replacemert of aircraft seats
(,v.!r :i 3 year period. ,

TIle 5 presents cc-nparison costs (relative to balseline figures based on a
wX)I/nviLon covered 1"R foam, seat) of some selected seat configurations, for
one ;rrti,-.ular rfplacernerit method. It is pertinent to note the change in
(f'ltai) cot-i for each configuration (purchase/manufacturirg costs, and
rlyifrn c,-ts .ssociated with heavier or lighter (negative) seat configura- 4
K i off,;) . Note that configurat ion 12 in the colmn CODE# 012 is

* i r/fJ'NF foan plau; an F1Il of light-wei4it Nbrfab is actually lighter
I i,, iriprot,_ctuvi F!i fo,'tm, and prodxuces a lesser operating cost ($1.5 mil lion

1i,)than o)ur ftslinie.I
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.I.. M L1IANICAL WEAR T[STIN AND ASSOCIATED COlMFORT FACTORS

Optimun 1're blockiag layers evaluated in the Cabin Fire Simulator at
Fhijglas Aircraft Cnmpainy were to be further tested by a major seat
manufacturer for selected mechanical properties. The tests include wear
,lrability, indentation load deflection, tear resistance, and any ot;iers

eelocted by the seat fnanufacturer.

I. t I1-) 'TPET RESULTS: Preliminary load deflection test results are found
in Table 6. For a baseline canparison, Configuration Number 1 may be used.
N)te ca)refully the 25% load deflection weight for polyimide foam. A figure
of 77.0 iunds to cause a deflection of only 25% points to an extremely
i ,fixible and, thenfore, unoimnfortable seat.

'abLe 6: SEAT CUSHION ASSI MBLIES
Toad lefle,-tion Test Results Per AST-D-1564-71-Method A

Config- Load 75% Thickness Load 251 ILD 25 Lead at ILD 65 ILD 65

uratlon Description Prestress with 1 lb. Deflection 65% ILD 25
Number Preload (1 minute)

N.F. Urethane, 2 in. 2.038 19.0 41.0

P.R. Urethane, 2 in. 1.965 32.2 63.0

W/N;

F.R. Urethane, 3 in. 165 3.174 44 0.88 91 1.82 2.07

2 W/N; Vonar-3, 3/16";

F.R. Urethane, 3 In. 196 3.553 46 0.92 100 2.00 2.17

5 WIN; Preox 1100-4;

P.R. Urethane, 3 in. 182 3.210 55 1.1 97 1.94 1.76

8 W/N; Vonar-3, 3/16";

N.F. Urethane, 2.7 in. 135 3.248 31 0.62 69 1.38 2.23

11 Polyimlde Foam, 2 In. 1.874 77.0 329.0

W/N; Preox 1100-4;

N.F. Urethane, 3 in. 100 3.096 29.5 0.59 57 1.14 1.93

WI/N: Wool/Nylon Fabric

IfLD. Indentation Load Deflection

.'fl i fac-tor alone disqualifies the polyimide foam seat, which otherwise is a
f ir, (candidate, showing prunising fire protection properties as shown in
Figjre 1, as well as being a renarkably lightweight seating material.I-A

*:
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Al I )thor data tran the fire, blockiiig layers tested here show acceptable
iltetatior load deflection. -Nn acceptable range is considered a load 25',
d,flection (1 minute) of 29 to 55.

4.! NFAR 'noTS: Preliminary war tests were conducted by Boeing Conmercial
Al rphauie Company using the apparatus .shown in Figure 7. Results fron these
tests are shown in Table 7. As can be seen, the %'rfab l1HT-26-Al material
:.i)wed a minimum of 50 hours of wear stress under these testing conditions.
Additional tests will be conducted in the near future to compare the 11
diftereut seat configurations used in this study. Results of the wear
te.sting will be given in a later reprt.

F gwe 7: WFAR Ti'iTING APPARATUS iSED BY TIlE BX)EING CNIMMERCIAL
AIRPLANE (X)MPANY '1) TEST WEAR DURABILITY OF SEATING

Actuating mechanism ik

Seat weight- Vertical motion
140 ibs
6 3 .5 K g

Pants fabric-
1007 polyester/ Rocking motion- 13.5 cpm
2 bar tricot knit 25"arc

9 2 minute cycle Cushion rotation- 18 cpm
- 1 minute 40 seconds contact on cushion 35 arc
- 20 seconds in up position

4'
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'rah 7: WEAR DURAI3II'EY OF VARIOUS SEAT CONFIGURATIONS

MATERIAL DESCRIPTION WEIGHT SEAT WEAR TEST RESULTS

oz/sq yd kg/m
2

Norfab (aluminum up) 11 0.37 50 hours minimum wear

Preox (aluminum up) 18 0.61 25 hours, incipient failure

Preox (aluminum up) 23 0.78 No test performed

plus 5 oz PBI

Pirotex (bonded to 6 0.20 50 hours, very poor

decorative upholstery)

Firotex (bonded to decorative 11 0.37 No test performed

upholstery) plus 5 oz PBI

Dunlop Ferex 191-9 mm 28 0.95 50 hours minimum wear

LS200 - 3/8 In 38 1.29 50 hours minimum wear

Vonar-3 (cotton) 24 0.81 50 hours minimum wear

9 oz PB 9 0.31 No test performed

W

a

6q
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5. SUMMARY

Major accomplishments from this program are listed below.

§ A complete model and computer based algorithm have been developed to de-
termine the cost/weight effectiveness of the foams and fire blocking
layers tested. Detailed reports are given in Appendices E-1 and F-I.

S The NASA T-3 burner test results described in Appendix A-1 were
inconclusive in determining the fire protection afforded by various fire
blocking layers and foams, and does riot appear to offer a viable small-
-scale testing procedure for these purposes.

§ Full scale laboratory testing has been performed at Douglas Aircraft, and
is shown to be a viable test methodology for comparison of the fire
performance of ccmplete seat banks. This testing is described in Ap-
pendix D-1.

§ A convenient and accurate laboratory based test method of measuring the
fire performance of seat configurations has been developed. This test
has been graphically described in Appendices C-1 and G-1.

From these studies, the two most effective methods of seat cushion fire
protection have been examined and are described below.

(1) Those which use transpirational cooling, typically composed of
A[(OH) 3 , perform best in high heat fluxes. The doped neoprene foams
work by dehydrating in the case of a fire, cooling by dissipative emis-
sion of water vapor. Their major drawback is the weight needed in such
ablative materials. Due to this weight penalty, they would be quite
cxstly for use by the U.S. fleet.

(2) Aluminized thermally stable fabrics work by re-radiation and/or lateral
conduction of the heat produced by the fire and provide excellent high
temperature insulation. These are the most desirable types of blocking
layers to use for these purposes because they show satisfactory fire
performance arid carry very little weight penalty.
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6. CONCLUSIONS

Re-examining the experimental facts given in Section 2.4, we may
draw some meaningful conclusions concerning the best choices for
fire protection of aircraft seats following a postcrash fire.

In order to increase survivability of passengers, best described
qJuantitatively in terms of the available egress time needed to va-
cate the passenger cabin in the event of a fire, the seat surfaces
must be protected from the intense radiant heat fluxes. It has
already been shown that no present technology is available to protect
the polyurethane foam by internal chemical molecular modifications,
thus, external physical protection is the only viable method. The
following points need delineation:

No outstanding improvements are seen in fire blocking layer
protection capabilities when fire retarded urethane foams are
used. In fact, FR foam actually is inferior in performance to
NF foam when used in conjunction with some FBL materials under
certain test conditions.

* NF foam has distinct beneficial weight saving attributes.

All requirements are presently met with Norfab llHT-26-AI at

0.38 kg/m (11 oz/yd 2 ). This material provides equivalent, if
not better, thermal protection performance based on small scale
tests to Vonar-3, and improves the weight penalty aspects by
more than 4-fold. In small scale testing of aluminized fabrics,
no differences were noted in seat cushion fire protection with
the aluminized coating turned inward towards the foam or outward
towards the wool/nylon fabric. However, significant differences
were noted when aluminized FBL materials were used with NF versus
FR urethane foam. This is shown in Appendix G-1.

Vent holes may be required on the under side of the seat cushions

to permit venting of the pyrolysis gases produced from the
urethane foam, thus reducing the risk of a sudden and immediate
release of these gases and larger flame propagation.
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APPENDIX A-I

NASA Burn Tests of Seat Cushions

F'inal Report, Contract NAS2-11064, Scientific Services, Inc.

Editor's Note: Sections of this Appendix have been deleted for
the saKe of brevity. A complete copy of the
original manuscript may be obtained upon request.
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NASA BURN TESTS OF SEAT CUSHIONS

I NTRODUCTION

This report presents the results of a series of tests on candidate aircraft seat

blocking layers conducted by Scientific Service, Inc., for the NASA-Ames Research

Center, under Contract No. NAS2-11064. A total of 109 tests on 19 candidate

NASA-supplied samples were performed.

The objective of these tests was to compare the effects of thermal exposure on

the standard seat cushion (which uses a wool-nylon blend fabric covering and an FR

urethane filler) and on a number of candidate seat cushion configurations by

measuring the time that it took to raise the temperature of the surface of the foam

material in each sample to the value that could cause degradation of the foam

(typically less than 3000 Celsius).

TEST ARRANGEMENT AND INSTRUMENTATION

This test series was conducted using the NASA-Ames T-3 furnace (see Fig. 1).

The furnace, which has been in use for many years at NASA, is a firebrick-lined box

that uses a forced air JP-4 fueled burner. See sketch in Fig. 2. This furnace is

coupled to an air scrubber and filter system to prevent the combustion products from

being released into the atmosphere. A schematic of the filter system is shown in

Fig. 3.

Since the T-3 furnace had not been used for several months, a calibration was

performed to determine the length of burn time required to achieve a steady-state

condition. Approximately 11 hours were required to obtain this steady-state

condition, which was defined as a constant flux reading (using a slug calorimeter)

maintained over a period of 15 minutes.
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T-4 FurnAve.
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During the test program the furnace was allowed to reach this steady--state

condition at the desired flux prior to insertion of the samples. Two exposures were
2 2 2used --- 11.3 W,'ern,- (10 Rtu/ft s) and 8.47 W,'cn (7.5 Btuft s) -- that are typical

of what might he o-pe.ted in an airc,'aft eain fire. The materials were placed in a

.A steel frane that prevented edge effects from influencing the tests and also

furnished support for the test objects so that they could be inserted and removed

from the furnoac safely and ensily. (Fig. 4 presents photographs of the frame with

a sample ready to test and one posttest.) The candidate materials were put into the

support frame with the wool-nylon blend inaterial* first, and then the other

materials were layered according to the specific test case. The area of the samples

exposed to the fire was 22.8 cm x 22.8 em (9 inches x 9 inches), and they were

burned from the bottom because of the nature of the T-3 furnace.

The instrumentation included the slug calorimeter, noted above, and from one

to three thermocouples on the samples. On samples using Fiberfrax, one

thermocouple was placed on the surface of the Fiberfrax. On samples containing

foam, three thermocouples were used, one at the surface of the foam, and one each

at depths of 4.7 mm (3/16 inches) and 7.9 mm (5/16 inches) from the surface toward

the exposure. Fig. 5 shows the thermocouple locations for the various sample

configurations.

The procedures for a typical test were as follows: Once the furnace reached a

steady-state condition with a flux reading within + 5 per cent of the required value,

the frame containing the test sample was moved next to the lid of the furnace.

This lid was moved quicKly to the side and replaced with the sample. The sample

was left in the furnace until the thermocouple at the foam (or Fiberfrax) interface

reached 300 0 C. The sample was then placed on top of the furnace lid because, in

most cases, there was still smoke and flame coming from the sample and the hood

above the furnace captured the smoke and put it through the filter system. After

the sample extinguished itself and cooled, it was removed and photographed.

* In this ease the material used by Pan American ,irlines, which is similar to the

the seat covering f all com mercial aircraft.
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Fig. 3. Schematic Of Filter System.
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Fig. 5. Placement of Thermocouples.

TABLE 1: RESULTS OF THE CA14DIDATE HEAT-BLOCKIN4G MATERIALS

Pbok11.3 W/CM
2  

0.5 W/,m
2  

0 300 OC

- ________11.3 8.5

LS200 3/81 Fo 104,105,106 15-05

Vonar 3 FISK 1 10,11,11,17 71,72,73 51-71 95-110

Vonar 3FR Foam 32:30,39,40 04,61 43-60 S7-66

000. 3 OF Foam 47,48,49 94,95

Vonar 2 Fra, 22,23,24,25 74,75 52 59-9

000.0 2 FR Foam 34,35,36 06,07 41-60 45-47

Vonor 2 NF Foam 50,51,52 96,97 60-76 57-77

6N'wfsI, Fr,.. 6iR,7 76,77 30 -36 20-30
Nurfah FR Foam 53,54,5 10-20 31-33

Norfai NF Fom 62,63,64 620-25 31-34

k1 CeIOX 101 Fraex 2,7,8,98 90 20-26 22-30

4u Cliox 101 FR 56S7.5 0,: 9. 23-24 24-25

Al CelloS 101 OF Foam 102,103 25-27

E-Ie. 11 Fr.x 29,30,31 70,79 10-23 35-37

F-IIVon 3 FR Foam 41,42,43 0.91 17-24 23-27

V~ontN 3 OF Foam 100,11 25-30

Vonr Fr.x 1,26,274,25 6,6970 10-17 16-17

dm,,.r F Fsom 44,45,46 92,93 10-13 23-24

04,0 N , Ie I 1.0 o581200 107,104.10- 46-03

o 1 : %t -. N ter 1o11 f., -rr- of 4 ,03

6, 'hx11Fx ,,, 08 02 23
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TEST RESULTS

A summary of the test results is presented in Table 1. The various blocking

materials investigated are listed in this table in order of descending time to reach
0

300 C at the filler interface. Time-temperature plots for each test are presented

in Appendix A.

It had originally been planned to make weight measurements of the samples

and to measure char thickness. Since many of the samples continued to burn after

removal from the furnace it was decided that such measurements would be of little
value.

Photographs were taken of each test and these have been delivered to NASA

separately.
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APPENDIX B-1

"Optimization of Fire Blocking Layers for Aircraft Seating"

J.A. Parker and D.A. Kourtides

Presented at the 7th International Conference on Fire Safety, SRI
International, Menlo Park, California, January 11-15, 1982.
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The use of ablative materials in various forms, such as cellular structures,
coatings and films to provide thermal protection for heat sensitive substrates
against the action of large jet fuel fires is well established (1). Low density

" foam polymers with low thermal conductivity, high temperature stability and high
thermochemical char yields or high transpirational cooling rates, such as those
foams fabricated from isocyanurates, phenolics, imides and hydrated chloroprenes,
all have been found to be effective in extending the times required for fuel tank
cook off and fire penetration to the structures of transport aircraft immersed in
large fuel fires. Char forming ablative coatings, are widely used in extending
the time before detonation of military ordinance exposed to similar fire threats.
The use of functional fabrics as ablatives is new.

Among existing, commercial polymers, one would be hard pressed to find a
more thermally sensitive substrate than conventional flexible polyurethane foams,
and probably from a mechanical point of view no better cushioning material with
a cost of something like $0.15 per board foot. These polymers because of their
easily pyrolyzed urethane groups and thermally oxidizable aliphatic linkages exhibit
polymer decomposition temperatures of the order of 250°C, and encounter a maximum
pyrolysis rate at 300*C with a total yield of pyrolysis vapor of about 95%, most
of which is combustible. One should expect these materials to ignite easily with
low power energy sources of 2.5 watts/cm 2 or less and when ignited effect sustained
flame propagation even after removal of heat source. To be sure all non-fire
retarded flexible urethane foams that we have examined to date confirm these
expectations. From thermogravimetric studies (2), it is evident that the addition
of standard fire retardant additives have little or no effect on the maximum decom-
position rate, the temperature at which it occurs or the vapor production yield.
In fact, one observes the same average mass injection rates of combustible gases
under a sustained radiant heating rate from flexible polyurethane foams whether 5
fire retardel or not. This gas production rate can amoun to as much as lO-20xlO-
grams per cm per second at heating rates of 2.5 watts/cm even when covered
with contemporary upholstery. Kourtides has shown that this flammable gas pro-
duction rate2increases almost linearly with the applied heating rate up to about
six watts/cm , heating rates which are fairly typical of the usual trash or jet
fuel fire. A value of 4xl0-4 g/cm 2 /sec for hydrocarbon injection at surfaces has
been found to effect sustained propagation and flame spread.

A sustained heating rate of approximately 5 watts/cm 2 applied to one seat of
a three seat transport array comprising flexible polyurethane foam, fire retarded or
not, will produce flame spread and ignition to the adjacent seat in less than one

minute, resulting in sufficient fire growth to permit flames to impinge on the
aircraft ceiling in less than two minutes. The time required to produce these
events and the resulting increases in cabin air temperatures should be expected
to fix the allowable egress times for passengers attempting to escape the aircraft

in a post crash fuel fire.

This paper than examines the question of the possibility of increasing the
available egress time for passengers, from a transport aircraft, in which the
flexible polyurethane seating is exposed to the action of a large pool fire which
we must assume can provide at least 5 watts/cm2 radiant heat flux to the seats,
by providing sufficient ablative protection for polyurethane cushioning. These

fire blocking layers must suppress the combustible mass injection rates of the
polyurethane below the somewhat critical values of 4x10 -4 gm/cm 2 /sec at 5 watts/cm2

as a performance criteria to prevent flame spread and subsequent flashover.

--
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All commercial transport aircraft are, at this moment, fitted with fire
retarded flexible polyurethane seat cushions, bottoms, backs and head rests with
an average foam density of 1.7 lbs/cu ft. With average seat construction, there
are about five pounds o oam per seat. For 2000 aircraft with an average of
200 seats per aircraft, Eais amounts to about two million pounds of flexible
polyurethane foam in use.

The options that one might consider as seating alternatives to effect
improvement in the fireworthiness of aircraft interiors through modifications of
existing cushioning materials are outlined in Figure 1. The same classes of high
char yield polymers that are known to be outstanding ablative materials such as
phenolics, imides, polybenzimidazoles, etc., can be made fire resistant enough to
prevent propagation and flashover as replacements for polyurethane in seats. As
indicated, when they are designed to be fire resistant enough, they all suffer in
varying degrees from serious limitations because of cost, processability, comfort
and durability (brittleness). For example, polyimides in general are about 50
to 100 times more expensive than basic flexible polyurethanes which might result
in a replacement cost of 50 to 100 million dollars for the existing U. S. fleet.

There may be some fire retardant additives for flexible polyurethane foams
that could improve their thermal stability and suppress the combustible gas
production rates at sustained high heating rates. We do not know of any.

The only real option that exists at present with commercially available
components seems to be the fire blocking approach that is to provide cost and
weight optimized ablative foams, coatings or fabrics. It is believed that the
limitations in comfort, decore, durabilityt&increases.ifnship set weight penalty
may be overcome by the approach taken in this study.

The objectives for this study are re-stated specifically in Figure 2.
The key property requirements for an acceptable blocking layer for aircraft
seating fall into two important categories as shown in the figure, namely fire
performance objectives, and seating performance requirements. In this study,
only those materials that possessed only the fire blocking efficiency necessary
to prevent fire propagation from seat to seat under the simulated post crash
fire conditions conducted by the FAA in full scale tests in a C-133 fuselage
were evaluated for durability, comfort, wear and manufacturability. Only those
cushion systems that approached state-of-the-art performance in seating performance
were evaluated with regard to cost. These screening gates, the controlling
algorithms and materials data base have been reported separately (3).

The various ablative or fire blocking mechanisms available from existing
materials systems that are possible candidates for blocking layer design are
outlined in Figure 3. Vonars, a family of low density, high char yield foams
containing a large fraction of water of hydration is perhaps the best candidate
of this class currently available. It is available in two practical thicknesses
from 3/16" to 1/16". The high temperature resistant polymers with decomposition
temperatures in excess of 400*C, and high char yield polymers such as the PBI's,
Celiox,& Kynol with char yields in excess of 60% are excellent candidates for re-
radiation protection. Suitable ablative felt fabrics which are also good
insulators have been prepared from these polymers in fiber form.
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The action of the ablative matrix to induce vapor phase cracking of the
combustible gas generated from the slow pyrolyses at low temperature of the
substrate can be very important especially in applying ablative materials as
fire blocking layers. All of these materials in sufficient thicknesses in
combination or individually can provide the required degree of thermal protection
necessary for fire safe polyurethane cushioning. The question to be answered
is which combination provides the correct amount of protection to keep the vapor
production rate of polyurethane foam somewhat less than l0-20x10-5 grams/cm 2 /sec
under an incident heating rate of 2.5 watts/cm2 .

Fabrics, felts and mats with excellent high temperature insulation properties
can be obtained as indicated from non-ablative, inorganic, dielectrics such as
silica and Fiberfrax. Highly reflective continuous surfaces, which also function
to distribute the incident radiant energy and thus reduce the local heat loads,
such as aluminum foils must also be considered.

Another ablative mechanism which becomes exceedingly important in controlling
the effective mass injection rate, is the ability of the ablative matrix to
initiate vapor phase cracking of the combustible vapor species generated by the
low temperature pyrolysis of the polyurethane substrate.

All of the mechanisms listed and any of the material examples indicated can
alone or in combination provide the required degree of thermal protection necessary
for securing fire safe polyurethane cushioning capable of defeating the action of
large aircraft fuel fires when used in sufficient thickness. The first question
that the research reported here attempts to answer is what mechanism and material
or combination provide just the amount of protection required at a minimum weight
of ablative material per unit area.

Materials which depend on transpiration cooling by mass injection ca'r be
very efficient at high heating rates. Their efficiency increases monotonically with
the incident heating rate above 7 watts/cmi. As will be shown, transpirational
systems are less efficient on a weight basis than systems based on the other
mechanisms discussed, in the fire environment of the post crash aircraft fuel fire.
To date, material systems that combine one or more combinations of heat
rejection mechanisms, such as 2, 3, 4 and 5 provide the most efficient ablation
systems for designing blocking layers for contemporary polyurethane seats.

A generealized schematic for the kinds of optimum fire blocking layers to
be discussed in this paper, indicating the main heat blocking mechanisms is
shown in Figure 4. Earlier studies on the internal isotherm recession rates of
char forming ablative foams (4) exposed to the typical aircraft fuel fire environ-
ment demonstrated that re-radiation from the non-receeding fire stable char surface
and the ,low thermal diffusivity of virgin foam dominated the minimization of the
pyrolysts isotherm rate. Re-radiation can be effected by either reflection with
an emissive surface of aluminum or a hot char surface. At present, we understand
that the use of aluminum surfacing on high temperature stable and or char forming
interlayers is important in redistributing the local incident radiation, and the
hot char or carbonized interlayers dominates the re-radiation process. Thus,
aluminized char forming high temperature materials such as Gentex's Celiox or
Amatex's Norfab , provide the best combination of mechanisms. Efficient fire
blocking layers are by no means limited to these kinds of materials.
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In the case of the ablative protection of a flammable substrate, such as
a flexible polyurethane, wherein a limited amount of controlled pyrolysis is
allowable, internal char formation by thermal cracking of the urethane pyrolysis
vapor is extremely beneficial. That part of the evolving combustible gas which
is fixed as char does of course not participate in the external flame spread and
the flashover processes. To avoid rupture of the fire blocking layer, it is safe
to provide some venting as indicated to manage the pressure drop within the
cushion structure.

The results obtained with mini test cushions at 4 minutes and 2.5 watts/cm
2

incident thermal flux are shown in Figure 5. It can be seen that the anerobic
pyrolysis of the flexible polyurethane foam has produced a stable char residue
from the virgin foam and also by thermal cracking on the hot surface of the
aluminum layer. When the aluminum layer is external to the blocking inner layer,
it still forms inside the porous blocking layer.

Based on the results obtained to date, the two commercial products shown
in Figure 6 provide the required degree of fire protection, to prevent propagation
due to aircraft seats in a simulated post crash fire at the lowest weight penalty
and lower blocking layer costs. It is our opinion that these blocking layers can
be used with any weight effective resilient cushioning foam without regard to
the foam's inherent flasuability.

It is of interest to examine a means of quantitatively characterizing the
efficiency of fire blocking layers in laboratory fire durability tests to predict
their performance in full scale tests.

In Figure 7, the efficiency of any fire blocking layer has been defined
as the ratio of the incident radiant heating rate, to the rate of production
of combustible gas produced per unit area per second, generated by the pyrolysis
of the substrate polyurethane foam. This efficiency should be able to be measured
experimentally by any one of three methods indicated in equation two by the
recession rate of the pyrolysis isotherm into the substrate, by equation three
by measuring the actual amount of gas generated per unit area per unit time and
finally with a knowledge of the heat of combustion of the specific gases generated
from the substrate, from heat release calorimeter measurements. Measurement of
recession velocities is extremely difficult experimentally. Both methods 3 and
4 give good reproducible results and efficiencies measured by both methods give
acceptable agreement. One should note, as pointed out above, that the mass
injection rate of the substrate increases monotonically with heating rate, and that

Its the efficiency as defined here should decrease with increased heating rate up to
about 7 watts/cm2. This has been found to be the case as reported by Kourtides (2).
It is clear that heat blocking efficiencies must be compared at identical heating
rates.

An empirical relationship between these laboratory measured efficiencies
and the thermal performance of a particular kind of fire blocking system is shown
in Figure 8. An allowable egress time in minutes has been plotted as a function
of .-he fire blocking efficiency as defined for three different fire conditions used
in the C-133 full scale test article, a zero wind, 2 mph and 3 mph. The fire
severity as measured by the average heating rate in the vicinity of seats
increasing accordingly. Wit the Vonar converted seats, the average heating rate
of seats is about 5 watts/cm at zero condition, and could amount up to 10-12
watts/cm in the most severe conditions with 3 mph wind.
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It is clear from this figure that either Vonar 3 or LS-200 both non-metallized
components which provide protection by ablative transpirational cooling alone give
as much as 5 minutes of available egress time. The unprotected flexible polyurethane
seat gave something less than two minutes whereas the empty aircraft gave survival
times in terms of temperature only well in excess of ten minutes. One pressing
matter these preliminary results put to rest is the question of the role of interior
materials in the postcrash fire, namely that the interior materials flammability,
In this case the seat array exposed to the post crash fire, is a major factor in
post crash fire survivability under the conditions of FAA's average design fire
(5). These of course are seat only tests. These test results permit one to cali-
brate fire performance in terms of Vonar 3, a performance that is considered to
provide an acceptable benefit in the post crash fire. In these tests, Vonar 3
with a cotton skrim replacing the usual cotton batting gave an increase of about
26 oz per sq yd of seat covering material. It is the primary objective of this
investigation to see if it is possible to achieve equivalent fire blocking layer
performance from other materials at reduced weight and hence costs.

In Figure 9, a simple relationship has been developed between the allowable
egress time and the efficiency and density of a fire blocking layer. Equation 8
approximates the allowable egress time in terms of the specific fire blocking layer
efficiency, the aerial density and the applied heating rates. Of course, this
determines weight of the fire blocking layer per seat by equation 10. It should
be clear that the higher the efficiency of the fire blocking layer (specific),
the longer the available egress time. The design equation 8 permits one to
select a predetermined egress time and tailor the ablative to give a maximum
efficiency at a minimum aerial density.

Since this is not a materials development study but rather a short term
comparison of off the shelf items, we have elected to compare fire blocking
efficiencies of candidate materials with Vonar 3's performance, as a standard
of comparison, and then compute the effect of their use on the average seat
weight. Ideally, the optimum fire blocked seat should give equivalent fire
blocking performance to Vonar 3 with no increase in contemporary seat weight.

The specific mass injection rates obtained for both fire retarded and
non-fire retarded flexible polyurethane foams in the form of mini cushions
described by Kourtides are shown in Figure 10. These values were obtained at
2.5 watts/cm2 , It can be seen that the mass injection rate for the Vonar 3
covered foams is about one-half the value for that of the unprotected sample, and
also these configurations with Vonar gave acceptable performance in the C-133
test. It can also be seen that both Gentex's Celiox and Norfab gave lower mass
injection rates than the Vonar at much lower aerial densities.

This amounts to a weight penalty of something less than half of that for
the ablative fire-blockers as compared with the Vonar 3 system. Also in Figure
10, a relative figure of merit for the ablative fire blocking layers has been
developed by normalizing the efficiency of the fire blocking layers with respect
to Vonar 3, a relationship which seems to hold up to applied heating rates of as
much as seven watts/cm 2, at which rate Vonar begins to be somewhat more efficient.
It can also be seen that the low density Celiox (six ounces per sq yd), is the
most efficient fire blocker stuided so far.

It can also be deduced from Figure 10 that the fire blockers perform equally
well with both non-fire retarded and fire-retarded flexible polyurethane foam
as predicted.
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The non-fire retarded polyurethane foam with Celiox 100, in this test comes
very close to meeting the target goals of this study, namely equivalent fire
performance and the smallest increase in seat weight. It can also be seen it
is about twice as efficient as it needs to be even at this low aerial density.

The mass injection rates as a function of fire blocking layer thickness are
plotted in Figure 11. Again these reults have been base-lined with respect to
Vonar 3's performance at 2.5 watts/cm , at 5xlO -5 grams per cm2 per sec. It can
be seen that the efficiency of Vonar decreases monatomically with thickness,
whereas the ablative fire blocking layers increase with decreasing thickness.
However, at present durability and wear become limiting factors for currently
available fabrics at thickness much less than 0.1 cm. It is believed that a
lower limit of about 6 oz per sq yd is the lower thermal limit for that class of
fabrics, and one should expect a rapid loss in thermal efficiency below this value.

For convenience of optimization with respect to thermal performance and
weight, a plot as shown in Figure 12 is useful. Here we have plotted the
relative figure of merit as defined with respect to Vonar 3 as a function of
average seat weight. It can be seen that the Vonar systems do not meet the
desired performance criteria. Vonar 3 is too heavy and Vonar 1 is not sufficiently
protective. Both the Norfab and Celiox's easily meet both of these criteria.
The Celiox based system can be seen to give a somewhat better fire performance
margin than the Norfab.

These results are summarized in terms of a standard tourist class aircraft
seat in Figure 13. Again these results show that on a weight basis both of the
candidate ablative fire blocking layers are about three times more cost effectiv'
than the Vonar's on a cost to fly basis. The figures are conservative because
the seats can probably be manufactured and used without the cotton muslin seat
cover.

The outline of the algorithm for the current cost model of these seat
modifications is shown in Figure 14. In this paper only the element which
addresses the calculation of relative increase in costs to manufacture and fly
these new heat blocked seats for an average U.S. fleet of 2000 aircraft with
an average of 200 seats per aircraft will be discussed.

This program searches the data base for candidate heat blocking layers, with
the minimum, thermal protection values, and the wear and comfort limits shown in
Figure 15. The algorithm then requires the inputs as outlined and outputs the
cost difference to fabricate and fly a fire blocked seat per one year compared to
the standard seat.

The results of applying this program to Vonar 3 and the ablative fire blocking
layers now considered optimum are shown in Figure 16, Cost to manufacture and
fly per year for a five year period with fire blocking layers, each with a wear
life of five years are plotted as a function of average seat foam density and
the aerial density of acceptable fire blocking layers. The average seat foam
densities of fire retarded and non fire retarded flexible polyurethane foam
have been indicated as 1.7 and 1.4 pounds per cubic foot. The use of non-fire
retarded flexible polyurethane foam is considered to be a viable option for this
application.



In Figure 16, it can be seen that currently available ablative fire blockinu

layers with non-fire retarded polyurethane foam amount to about 6x10 6 dollars

per year whereas the Vonar 3 modification could amount to about five times as
much, about 28xI0 million dollars.

Further optimiaation is also indicated in Figure 16, if a 6-7 oz per sq

Celliox based fabric could be developed with a five year wear. This could amount

to as little as 1.5x10 6 million dollar per year for five years.

Concluding Remarks

All known flexible polyurethane foams suitable as aircraft seating are

about equally flammable and provide approximately the same thermal risk to
survivability under the conditions of the design fire established for the

post crash simulation scenario in the C-133 full scale tests.

All presently known and acceptable flexible cushioning foams require about

the same degree of fire blocking protection to suppress this threat.

Adequate fire blocking protection can be achieved through replacement of

cotton batting slip covers with a wide variety of fire blocking layers.

Of all of the known fire blocking layers investigated, the Vonar series is
the least efficient on a cost/weight basis for fire protection of domestic
transport aircraft.

Among the known fire blocking layers the metallized high temperature resistant
char forming ablatives appear to be optimum. At the present this practical opti-
mization is limited to aerial densities in the range of 10-12 oz per sq yd.
Further developmental work could drive these down to 4 to 6 oz per sq yd which

might provide an equivalent cost to build and fly to current seats.

On the basis of both radiant panel testing, heat release calorimetric tests
and limited C-133 tests, (correlation among these laboratory test methods and
with limited full scale tests in the FAA's C-133 are good to excellent), show

that both Norfab and Gentex Celiox are far superior to Vonars and provide a
cost effective degree of fire protection for polyurethane products heretofore

not available.
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(JRRENT M.iERIALS OPTIONS FOR IMPROVEMENT OF THL FIREWORIHINESS OF

DOMESTIC IRANSPORT AIRCRAFT INTERIORS IN POSTCRASH FUEL FIRES

1. FIRE RESISTANT 140-METALLIC (POLYMERIC) MATLRIAL

COMPONENTS LIMITATIONS: HIGH COSTS, DIFFICULT

PROCESSA ILITY, bRITTLE.

Ot..II I A II . ', A l III 111 AN I 'I'Mi Jlk 11111 I A', II

Al4D LLISIUMERS WITH FIRE RETARDANT ADDITIVES,

LIMITATIONS: NOT EFFECTIVE UNOER CONDITIONS OF POCI

CRASII FIRE.

3, rCVE INu FIRE SENSITIVE SUBSTRATE (PANELS, SEATS, ETC.

WITH AbLAIIVE COATINGS OR FIRE BLOCKING LAYERS

IMiTA'IOIS; DECORE, DURABILITY (WEAR), & INCRL;- It. "!PSEI.

WEIGHT PENALTY

FIGURE 1

SHORT TERM

OPTIMIZATION OF POST CRASH FIRE PERFORMANCE AND
COSTS OF TRANSPORT AIRCRAFT SEATING

- PROJECT OBJECTIVES -

PROVIDE EFFICIENT HEATING BLOCKING MATERIAL COMPONENTS FOR CONTEMPORARY

AIRCRAFT CUSHIONING:

(A) TO REDUCE THE RATE OF FIRE SPREAD THROUGH CONTEMPORARY
CABIN INTERIORS INITIATED BY A FULLY DEVELOPED POST CRASH

FUEL FIRE

(B) To INCREASE THE EGRESS TIME LIMITED BY CONTEMPORARY INTERIORS
IN SUCH FIRES

2. PROVIDE A MINIMUM INCREASE IN SHIP SET WEIGHT FOR CONTEMPORARY

TRANSPORT AIRCRAFT

(A) To MAINTAIN EQUIVALENT CUSHIONING EFFICIENCY

(B) TO UTILIZE cOMMERCIALLY AVAILABLE HEAT BLOCKING MATERIAL

AND REASONABLE CONSTRUCTION METHODS AND MANUFACTURING COSTS,

FIGURE 2

LiG ,I
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FIRE BLOCKING MECHANISMS

AVAILABLE FOR PRODUCT DESIGN

1. TRANSPIRATION COOLING (VONARS)

2 . R E R A D IA T IO N H I G T E P R T R S B "B IS

fLow CONDUCTIVITY \KYNOLX)

3. INSULATION (LOW DENSITY / S ILICA, PANOX
~CLOSED CELL F--i IBERFAX, NOMEX

TJHERMALLY STABLE PELI-ICOALO)

SURFACES

3, VAPOR PHASE,- (DENSE ) ALUMINUM

CATALYTI C SURFACES PB!

CARBON L OADED

POLYMERS

2, 3, 4 AND 5 -MOST EFFICIENT COMBINATIONS FOR F!PE BLOCKING

FIGURE 3
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lDIRECTIE
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CATALYTIC SURFACE
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TYPICAL EXAMPLES

OF
OPTIMll FIRE BLOCKING LAYER

GENTEX COMMERCIALLY AVAILABLE EXAMPLES

ALUMINUM CELIOX -- 11-16 oz/YD
2 

-- COST $15-18/so Yo

NORFAB (ALUMINUM-SILICA +) 11-12 OZ/YD
2 
-- COST $20 +/SQ Yo

MANY OTHER ANALOGS SYSTEMS POSSIBLE

AT SIMILAA COST, WEIGHT 9 PERFORMANCE

Atw.uMI -PAuox )
ALUltmN4-KYROL AmY HIGH ABLATIVE EFFICIENCY SUPPORT FOR
ALUMINum-PBI GOOD ALUMINUM WEAR SURFACE

ALwINup-CA aBON FILLED POLYURETHANE)

(CAN BE USED WITH ANY WEIGHT EFFECTIVE RESILIENT WITHOUT REGARD TO FLEXIBLE

FOAM FLAMMABILITY)

FIGURE 6

GOVERNMENT EQUATIONS
TO EVALUATE THERMAL PERFOWJiNCE

1. E - INPUT ENERGY (BASIC EFFICIENCY EQUATION)

MASS MATERIAL REACTED

2. EFFICIENCY FROM T-3 TEST (FOAM RECESSION VELOCITY)

El .jRAD qRAD = INPUT HEATING RATE

ke - RECESSION VELOCITY

e - FOAM DENSITY

3. EFFICIENCY FROM RADIATION-RAss-Loss TEST

E2 4RAD

M MASS INJECTION RATE

4I. EFFICIENCY FROM HEAT RELEASE CALORIMETER TEST

E3 =,(,RADJA - SPECIFIC HEAT COMBUSTION

3 H

ALL TESTS COMPARABLE BY E1-E2-E3

FICURE 7
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Abstract

Aircraft seat materials were evaluated in terms of their
thermal performance. The materials were evaluated using (a)
thermogravimetric analysis, (b) differential scanning calorimetry,
(c) a modified NBS smoke chamber to determine the rate of mass
loss and (d) the NASA T-3 apparatus to determine the thermal
efficiency. In this paper, the modified NBS smoke chamber will
be described in detail since it provided the most conclusive
results. The NBS smoke chamber was modified to measure the weight
loss of materials when exposed to a radiant heat source over the
range of 2.5 to 7.5 W/cm . This chamber has been utilized to
evaluate the thermal performance of various heat blocking layers
utilized to protect the polyurethane cushioning foam used in
aircraft seats. Various kinds of heat blocking layers were
evaluated by monitoring the weight loss of miniature seat cushions
when exposed to the radiant heat. The effectiveness of aluminized
heat blocking systems was demonstrated when compared to conventional
heat blocking layers such as neoprene. All heat blocking systems
showed good fire protection capabilities when compared to the
state-of-the-art, i.e., wool-nylon over polyurethane foam.

Introduction

One of the major fire threat potentials in commercial passenger
aircraft is the nonmetallic components in the passenger seats. The
major components of aircraft passenger seats are the polymeric
cushioning material and, to a lesser degree, the textile fabric cover-
ing; together they represent a large quantity of potentially com-
bustible material. Each aircraft coach type passenger seat consists
of about 2.37 kg of non-metallic material, the major component being
the seat cushion. Since modern day wide-body passenger aircraft have
from 275 to 500 passenger seats, the total amount of combustible
polymeric material provides a severe threat to the environment in the
cabin in case of either on-board interior fire or post-crash type
fire which in addition involves jet fuel.

A major complication in research to develop fire resistant
aircraft passenger seats, is to assure the laboratory method chosen
simulates real life conditions in case of a fire scenario onboard
an aircraft or a post-crash fire. In this study, a non-flaming
heat radiation condition was simulated. 7.6 cm x 7.6 cm samples
made to resemble full-size seat cushions were tested for weight loss
when exposed to different heat fluxes from an electrical heater. The
measurements were conducted in a modified NBS smoke density chamber.

It has been shown (1,2,3,4) that the extremely rapid burning
of aircraft seats is due to the polyurethane cushion.; of the seats.

In order to protect the urethane foam from rapid degr?.-ation when
exposed to heat, three different heat blocking layers were tested.



T'wo were aluminized fabrics and one was neoprene type of material
in two thicknesses. In all cases, urethane foam was enveloped in
a wool-nylon fabric.

Fabrics and foams put under a thermal load show a very complex
behavior. Figure 1 illustrates the thermal behavior of a seat cushion
with a heat blocking layer. When a heat blocking layer is introduced
between the fabric and the foam, the complexity is expected to
increase, especially if the heat blocking layer is an aluminized one
as in some cases in this study. The protective mechanism for the
urethane foam involves both conduction of the heat along the aluminum

surface and heat re-radiation.

Description of Equipment

The test equipment for recording and processing of weight-loss
data is shown in Figure 2. It consists of an NBS smoke chamber
modified by the installation of an internal balance (ARBOR model #1206)
connected to a HP 5150A thermal printer, providing simultaneous print-
outs of weight remaining and time elapsed. Data recorded on the
printer was manually fed into a HP 9835 computer, processed and
eventually plotted on a HP 9872 plotter (i.e., weight remaining versus
time elapsed). Also used was a HP 3455A millivoltmeter for the calibra-

tion of the chamber.

The NBS smoke chamber was modified two fold: (a) to permit a heat
flux of 2.5-7.5 W/cm 2 and (b) to monitor weight loss of a sample on a
con-inuous basis.

The NBS test procedure (5) employs a nichrome wire heater to
provide a nominal exposure on the spectrum surface of 2.5 W/cm2,
which corresponds to the radiation from a black-body at approximately
540°C. To simulate thermal radiation exposure from higher temperature
sources, a heater capable of yielding a high radiant flux on the face
of the sample was utilized. This heater is available from Deltech Inc.
This heater is capable of providing a heat flux of z. -10 W/cm2 .

Two burning conditions are simulated by the chamber: radiant
heating in the absence of ignition, and flaming combustion in the
presence of supporting radiation. During test runs, toxic effluents
may be produced; therefore an external exhaust system was connected

to the chamber. In order to provide protection against sudden
pressure increases, the chamber is equipped with a safety blowout
panel. Also, for added safety, a closed air breathing system was
installed for use while operating and cleaning the chamber.

In this study, only the radiant heating condition was being
simulated, using this electrical heater as the radiant heat source.
The heater was calibrated at least once a week using a water-cooled
calorimeter connected to a millivoltmeter. Using the calibration
curve provided by the manufacturer, the voltages which provided the
desired heat fluxes (2.5. 5.0 and 7.5 W/cm 2), were determined.
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When the chamber was heated up to the desired temperature (and
heat flux), an asbestos shield was slid in front of the heater.
This prevented the adjacent chamber wall from over-heating and thus
affecting the data. As mentioned earlier, this NBS smoke chamber
was modified for recording of weight loss data by the installation
of an electronic balance. The balance was mounted on top of the
chamber with its weighing "hook" entering the chamber through a small
opening. The chamber was then re-sealed by encloning the balance in
a metal container which was tightly fitted to the chamber roof. This
balance was well suited to perform this particular task, because of
several of its features. It provides a digital output to allow weigh-
ing results to be transferred to external electronic equipment (in this
case, the thermal printer), below the balance weighing, which was essen-
tial, since the severe conditions inside the chamber during test runs
were likely to corrode or otherwise destroy any weighing apparatus
mounted inside the chamber. Also, the fact that it ascertains weight
by measuring the electrical energy required to maintain equilibrium
with the weight of the mass being measured, instead of by measuring
mechanical displacement, makes it well suited to measure a continuous
weight loss.

A desktop computer was used for data acquisition and storage.
It provided an enhanced version of BASIC which includes an extensive
array of error messages to simplify programming. The computer was
equipped with an 80 by 24-character CRT (Cathode Ray Tube) display and
a 16-character thermal printer for hard-copy printouts. One program
written and used during the weight loss testing was PLOT wt. The pro-
gram collected data from any test run stored on a data-file (the computer
has a tape cartridge which reads the files from cassette tapes), calcula-
ted the weight remaining in %, and plotted the results versus time on a
plotter hooked up to the computer.

Description of Materials

The materials used in this study are shown in Tables 1 and 2.
Three types of foams were used and four types of heat blocking layers.
The densities of the foams and the fire blocker layers are also shown
in Tables 1 and 2, with an estimate of the seat weight when constructed
from these materials. Two flexible polyurethane foams were used, a
fire-retarded and a non-fire-retarded. The composition of the non-fire
retarded was as follows:

Component Parts By Weight

Polyoxypropylene glycol (3000 m.w.) 100.0

Tolylene diisocyanate (80:20 isomers) 105

Water 2.9

Silicone surfactant 1.0
Triethylenediamine 0.25

Stannuous octoate 0.35
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The composition of the fire retarded was not known but it may have
contained an organo-halide compound as a fire-retardant. The
composition of the polyimide foam used has been described previously
(6).

The fire blocking materials used are shown in Table 3.

R
The Norfab 11 HT-26-A is a woven mixture of poly(p-phenylene

terephthalamide), an aromatic polyamide and a modified phenolic
fabric. The fabric was aluminized on on side. The PreoxR 1100-4
was based on heat stabilized polyacrylonitrile which was woven and

aluminized on one side.

The mechanisms of fire protection of these materials depends
on heat re-radiation and thermal conduction along the aluminum
layer. The VonarR 2, and 3 layers used, are primarily transpirational-
cooling heat blocking layers. This compound is a neoprene foam with
added Al (OH3 ) as a fire-retardant, attached to a cotton backing.
The mechanism by which the foam works is based on the heat vaporiza-
tion of the foam absorbed, thereby cooling its surroundings.

Thermal Characterization

In order to thermally characterize the materials tested, Thermo-
gravimetric Analysis (TGA) and Differential Scanning Calorimetry (DSC)

were performed.

In TGA, the samples are heated at a constant heating rate in
either oxygen or nitrogen atmosphere and the weight loss recorded.
The polymer decomposition temperature (PDT), the temperature where
the mass loss rate is the highest (max d (wt)), the temperature of

dt
complete pyrolysis and the char yield in % are then determined as
shown in Figure 4. The results are shown in Table 4.

Tn DSC, the electrical energy required to maintain thermal

equilibrium between the sample and an inert reference, is measured.
By calculating the peak area on the chart, the endo- or exothermity
of transitions can be determined. This was done automatically on

4 the analyzer used which was equipped with a micro-processor and a
floppy-disc memory. One analysis is shown in Figure 5 and the results
in Table 5.

Both TGA's and DSC'- were performed on DuPont thermal analyzers.

Radiant Panel Test Results

All of the configurations shown in Table 1 were tested in the
modified NBS smoke chamber to determine the rate of mass loss. Prior
to performing the weight loss experiments (radiant panel tests) on

the complete sandwich cushions, weight loss experiments on individual
components such as fabric, heat blocking layer and foam, were made.
No detailed results of these tests will be reported in this paper,
bt al few observations might be worthwhile to report.
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When, assuming that fire performance of the components were
additive phenomena, the total weight loss of the components were
added together and compared with a sandwich tested under the same
conditions, no correlation was found. In some cases, testing
with the highly flammable foam actually improved the performance
of the sample compared to testing the heat blocking layer alone.
The decorative fabric proved to have little influence on the per-
formance of the heat blocking layer. Heat readily went through
and the fabric burned off rapidly.

After performing these initial experiments, it was clear
that the weight loss profile of the samples could not alone
provide a good criteria to determine the efficiency of the heat
block. The criteria chosen was the amount of gas originating from
the urethane foam injected into the air. The possible steps for
the thermal degradation of the flexible urethane foam are shown in
Figure 6.

After extensive initial testing, it was determined to test
the sandwich configurations shown in Tables I and 2. Configuration
#367 represents the state-of-the-art, i.e., the seat configuration
presently used in the commercial fleet.

All samples shown in Tables 1 and 2, were sandwich structures
made up as miniature seat cushions. The sandwiches consisted of a
cushioning foam inside a wrapping of a heat blocking layer and a
wool-nylon fabric as shown in Figure 3. To simplify the assembly,
the heat blocking layer and the fabric were fixed together with a
stapler followed by wrapping them around the foam and then fixed
in place by sewing the edges together with thread.

Prior to assembly, the individual components were weighed on
an external balance and the results, together with other relevant
data were recorded. The samples were mounted in the chamber as shown
in Figure 3. In order to prevent the heat from the heater from
reaching the sample before the start of the test, a special asbestos
shield was made. The shield slides on a steel bar and can be moved
with a handle from the outside, which also enables the operator to
terminate the test without opening the chamber door and exposing
himself to the toxic effluents.

The test was initiated by pushing the asbestos shield into its
far position, thus exposing the sample to the heat flux from the
heater and by starting the thermal printer. The test then ran for
the decided length of time (1, 2, 3, 4 or 5 minutes) and was termi-
nated by pulling the asbestos shield in front of the sample. When
a stable reading on the printer was obtained (indicating that no
more gases originating from the foam were injected into the chamber
from the sample), the printer was shut off. After the chamber was
completely purged from -moke the sample was taken out and allowed
to cool down to room temperature.
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The burned area on the side of the sample facing the heater
was subsequently measured in order to standardize the test. This
area was normally around 5 cm x 5 cm and since the sample size was
7.5 cm x 7.5 cm, this was thought to minimize edge effects (that is,

changes in the heat spread pattern through the sample caused by the
heat blocking layer folded around the sides of the foam cushion).

Finally, the sample was cut open and the remainder of the foam

scraped free from the heat blocking layer and weighed on the
external balance. This was done to determine the amount of foam
that had been vaporized and injected into the surroundings.

Results and Discussion

The samples shown in Tables 1 and 2 were exposed to heat flux
2levels of 2.5, 5.0 and 7.5 W/cm . After the weight loss of the

urethane foam was determined, as described previously, the specific
mass injection rate was calculated as follows:

(weight loss) r g ]
=(area-of sample axpose I to heat x -timeei I ) cm, s

The area exposed to heat was brought into the equation in an
effort to standardize the test runs in terms of how much radiant
energy that had actually been absorbed by the sample.

Then the figure of merit was calculated as follows:

C (heat flux) rWsTsp=e[citic mass inj eior ~ rate

The objective was to determine a heat blocking system showing
equal or better performance than the VonarR 3 system. Therefore,
the -value at every test condicion for VonarR 3 was assigned to
£ . Then the relative figure of merit was calculated as follows:

oC

rel F,
0

The mass loss data for the fire retarded and non-fire retarded

urethane is shown in Tables 6 and 7, respectively.

The rationale for ranking materials at the 2 minute exposure
time is related to full scale tests conducted previously (1, 2, 3,
4) and is a critical time at which evacuation must occur in an
aircraft in case of a post crash fire.

In case of a post crash fire outside the passenger compartment
(e.g., a fire in the fuel system), the seat system inside the cabin
will be exposed to severe heat radiation. The foam cushions will
start to inject toxic gases into the cabin as simulated in this
study. 2 minutes is thought to be an accurate time limit for the
survivability of the passengers exposed to these conditions. Data at
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2 minutes are also displayed graphically in Figures 7 and 8.
Figures 9 and 10 show the figure of merit as a function of heat
flux at 2 minutes exposure. It can be seen in Figure 9 that the
figure of merit at a heat flux of 2.5 W/cm 2 for the aluminized
fabrics (PreoxR 1100-4 and NorfabR IlHT-26-Al) is higher than
either the VonarR 2 and 3, at 5.0 W/cm 2 they are approximately
equal, and at 7.5 W/cm2 that both Vonark 2 and 3 show a higher
figure of merit than the aluminized fabric.

The method of protection for the urethane foam changes as the
heat flux increases whereby the transpirational cooling effect of
the VonarR is more effective at the higher heat flux range. The
mode of urethane protection using the aluminzed fabric is primarily
due to re-radiation and thermal conduction. At 5 W/cm2 , all heat
blocking materials were approximately equally effective, but, it
should be remembered that the weight penalty of the VonarR materials
is excessive as shown in Table 1. The aluminized fabrics were
equally effective in protecting both the fire retarded and non-fire
retarded urethane foams as shown in Figures 9 and 10.

To obtain a general view of the heat blocking performance of

different heat blocking layers, the average mass injection rates of
experiments with 1, 2, 3, 4 and 5 minutes elapsed time was calculated
and is shown in Tables 8 and 9. Figures 11 and 12 show the figure
of merit as a function of heat flux at average exposure time. Essen-
tially the same results are observed as the measurements indicated
at 2 minutes.

The usage of a heat blocking layer in aircraft seats, significantly
improves the performance of the seat when exposed to heat radiation.
This is true at all heat flux ranges tested. Samples representing the

state-of-the-art (#367) were completely burned after only a short
exposure time and it was not possible to test these samples at 7.5 W/cm2.
When it comes to ranking between the different heat blocking layers,
the results are more ambiguous. It is true that VonarR R performed
better at the higher heat flux level (7.5 W/cm2 ) but at the heat level
of most interest (5.0 W/cm2), it was approximately equal to the other
heat blocking layers. The heat flux of 5.0 W/cm is considered an
average heat flux level in the interior of the aircraft as shown in
simulated full scale fire tests conducted previously (2). There were
no significant differences observed in the fire blocking efficiency
of the layers whether a non-fire retarded or a fire retarded urethane
foam was used. At 5.0 W/cm 2, the efficiency of the VonarR 3 was higher
with the non-fire retarded foam u le the aluminized fabric showed a
higher efficiency with the same foam at 7.5 W/cm 2 as shown in Figures 9
and 10. It is not precisely known whether this difference is due to
the differences between the two foams or is due to the different mechan-
isms of the heat blocking layers, i.e. transpiration or re-radiation
cooling. Neither one of the two aluminized fabrics show outstanding
performance in comparison with each other. When the complexities
of the effect of the underlying foam are taken into consideration, it
is reasonable to rank them as giving equal fire protection. For
example, in the case of the fire-retarded foam, the NorfabR gives

- - - - - - - - - - -



excellent fire protection at the low (2.5 W/cm 2) heat flux in
comparison with PreoxR 1100-4 fabric as shown in Figure 11. At
5.0 W/cm2 , they are equal and at 7.5 W/cm2 , the situation is re-

versed when using the non-fire retarded urethane foam. The NorfabR
IHT-26-Al fabric exhibited better performance at all heat flux levels
when tested with the non-fire retarded foam as shown in Figure 12.

The 181-E glass fabric indicated the lowest fire protection at
5.0 W/cm 2 when the exposure time is averaged over 5 min as shown in
Figure 10. At the (2) minute interval, its performance was approxi-
mately the same as the other fabrics as shown in Figure 9.

A study of the cost/weight penalty of different heat blocking
systems (7) shows that the re-radiation-cooling systems or aluminized
fabrics provide far better cost-efficiency than the transpirational-
cooling systems such as VonarR 3. These results and the equality
in fire protection performance shown in this study, points in favor
of aluminized fabrics for possible use as cost efficient heat pro-
tection system for the urethane foam.

Several difficulties were encountered when conducting the radiant
panel tests. The major complications were: (a) the experiments were
designed to measure the amount of gas, originating from the urethane
foam, injected into the air. To really determine how much gas due to
urethane decomposition that is produced, the gases need to be analyzed
(preferably by GC-MS methods). This could not be done at the time of
this study; (b) some of the gas produced from combustion of urethane
foam may be trapped in the heat blocking layer. The amount of gas
trapped is extremely difficult to measure. The initial experiments
showed that, in some cases, the difference in the weight loss of the
HBL (with and without a urethane foam core) was greater than the

weight of foam lossed; hence the weight of gas trapped could not be
measured. This problem was corrected by perforating the fabric on
the back surface to allow venting of the gas and, (c) there was a

problem with the quenching period. At 7.5 W/cm 2 this might well be
the dominant mechanism for weight loss of the urethane foam for

shorter test runs. It is desirable that a method to instantly quench
the sample be developed for testing at heat fluxes of 7.5 W/cm and
higher.

Thermal Efficiency

The NASA-Ames T-3 thermal test (8) was used to determine the
fire endurance of the seat configurations shown in Tables 1 and 2. -

In this test, specimens measuring 25 cm x 25 cm x 5.0 cm thick were
mounted on the chamber and thermocoupled on the backface of the
specimen. The flames from an oil burner supplied with approximately
5 liters/hour of JP-4 jet aviation fuel provided heat flux to the
front face of the sample in the range of 10.4-11.9 W/cm . The test
results were inconclusive since the temperature Lise in most of the
specimens was extermely rapid and it was very difficult to determine
small differences in fire blocking efficiency of the various layers.
Additional work will be performed to reduce the level of heat flux
in the chamber in order to be able to differentiate easier among
the samples.



Conclusions

It is understood that a great number of mechanisms govern the
performance of fabrics and foams when exposed to heat radiation.
Finding these mechanisms and measuring their individual parameters,
is extremely difficult. In this study efforts were directed towards
determining the heat protection provided by different heat blocking
layers, relative to one another.

Some specific conclusions may be drawn from this study:

(a) Modified NBS smoke chamber provides a fairly accurate
method for detecting small differences in specimen weight loss over
a range of heat fluxes and time.

(b) Aluminized thermally stable fabrics provide an effective
means for providing thermal protection to flexible urethane foams.

R

(c) Vonar 2 or 3 provided approximately equal thermal pro-
tection to F.R. urethane than the aluminized fabrics but at a
significant weight penalty.

(d) No significant differences were observed in the use of
F.R. or N.F. urethane when protected with a fire blocking layer.

(e) The efficiency of the foams to absorb heat per unit mass
loss when protected with the heat blocking layer decreases signifi-

cantly in the heating range of 2.5-5.0 W/cm2 , but remains unchanged
or slightly increases in the range of 5.0-7.5 W/cm2.

The results showed that the heat blocking systems studied pro-
vides significant improvement of the fire protection of aircraft
seats compared to the state-of-the-art (i.e. the seats presently
used in the commercial fleet).

The results indicated that transpiration- and re-radiation-
cooling systems provided approximately equal fire protection. How-
ever, the high weight/cost penalty of the transpiration system
favored the re-radiation systems (7).

The T-3 test is not suitable at its present operation to detect
minor differences in heat blocking efficiency. Additional methods
must be utilized in evaluating these and similar materials in order
to establish a good correlation between these weight loss experiments
and other more established or standard test methodologies.
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Table 4: ThermoqIravimetric Analysis
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COMMENTS POSITIVE -,H VALUES INDICATE EXOTHERMIC REACTIONS , e HEAT

EVOLVED IN THE TRANSITION), NEGATIVE III VALUES INDICATE
ENOOTHERMIC REACTION I e HEAT ABSORBED IN THE TRANSITION)

.. IJDICATES THAT 40 TRANSITIONS WERE OBSERVED WITHIN THERANGE DE THSS rtt .L (0550 S CI

Table 5: DiFferential Scanning Calorimetry
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APPENDIX D-1

Study for the Optimization of Aircraft Seat Cushion Fire Blocking
Layers - Full. Scale Test Description and Results

* Final Report, Contract NAS2-11095, Kenneth J. Schutter
and F'red E. Duskin, Douglas Aircraft Company.
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SECTION I

INTRODUCTION

Aircraft passenger seats represent a high percentage of the organic
materials used in a passenger cabin. These organics can contribute
to a cabin fire if subjected to a severe ignition source such as post-
crash fuel fire. Since 1976, programs funded by NASA have been conducted
at Douglas Aircraft Company to study and develop a more fire-resistant
passenger seat. The first program dealt with laboratory screening of
individual materials (Report No. NASA CR-152056, Contract No. NAS 2-9337).
The second program continued laboratory screeninq of individual materials,
conducted laboratory burn tests of multilayer materials, developed a full-
scale standard fire source and prepared a preliminary fire-hardened
passenger seat guideline (Report No. NASA CR-152184, Contract No. NAS 2-9337).

The third program consisted of additional laboratory burn testing of multi-
layer materials, fabricating a fire-hardened three-abreast tourist class
passenger seat, and a design guideline for fire-resistant seats (Contract
No. NASA 2-9337, Report No. NASA CR-152408). The fourth proqram fabricated
and burn tested full-scale seat cushions utilizing the fire blocking concept
for protecting the inner cushion (Contract No. NASA 9-16026).
The tests documented in this report involve a continuation of full-scale
burning of seat cushions utilizing the fire-blocking concept.



SECTION 3

TEST ARTICLES

3.1 Test Specimens

Thirteen different seat cushion constructions were tested (Table 1).
Fire blocking, when incorporated, covered all sides of the cushion.
All seams were sewn with nylon thread. The overall dimensions for
the back cushions were 43 by 61 by 5 centimeters (17 by 24 by 2 inches).
The bottom cushions dimensions were 46 by 50 by 8 centimeters (18
by 20 by 3 inches).

3.2 Materials

The 13 test specimens were fabricated using a combination of materials
shown in Table 2. These materials were selected and supplied for
use in this program by NASA-AMES Research Center.

All cushions were fabricated by Expanded Rubber and Plastics Corporation
in Gardena, California.

- ' " m . .. .t i -' .. .| • , ,, - : _ . • . _ ,. ... .. .
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TABLE 1
SEAT CONSTRUCTIONS

Construction Decorative

Number Upholstery Slip Cover Fire Blocking Foam

1 Wool-Nylon None None F. R. Urethane*

2 Wool-Nylon Cotton-Muslin Vonar-3 F. R. Urethane

3 Wool-Nylon Cotton-Muslin Vonar-2 F. R. Urethane

4 Wool-Nylon None 3/8 LS 200 F. R. Urethane

5 Wool-Nylon None Celiox 101 F. R. Urethane

6 Wool-Nylon None Norfab 11 HT-26-AL F. R. Urethane

7 Wool-Nylon Cotton-Muslin Vonar-3 N. F. Urethane*

8 Wool-Nylon None Norfab 11 HT-26-AL N. F. Urethane

9 Wool-Nylon None None LS 200 Neoprene

10 Wool-Nylon None None Polyimide

11 Polyester None None Polyimide

12 Wool-Nylon None Norfab 11 HT-26 F. R. Urethane

13 Wool-Nylon None PBI F. R. Urethane

*F. R. Urethane (Fire Retarded Urethane)
N. F. Urethane (Non-Fire Retarded Urethane)

.1 - , -. . . . . - .. . .. ...
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TABLE 2
MATERIAL

Material Source

#2043 urethane foam, fire-retardant (FR), North Carolina Foam Ind.
0.032 g/cm3 (2.0 lb/ft 3) 43 ILD Mount Airy, NC

Urethane foam, non-fire retardant (NF), CPR Division of Upjohn
0.022 g/cm 3 (1.4 lb/ft 3) 24-35 ILD Torrance, Ca.

Vonar-3, 3/16-inch thick with Osnaburg Chris Craft Industries
cotton scrim (23.5 oz/yd2 ) .079 g/cm 2  Trenton, NJ

Norfab 11HT26-aluminized (12.9 oz/yd 2) Amatex Corporation
.044 g/cm 2, aluminized one side only Norristown, Pa

Gentex preox (celiox) (10.9 oz/yd2) Gentex Corporation
.037 g/cm 2, aluminized one side only Carbondale, Pa

Wool nylon (0.0972 lb/ft 2 ) .0474 g/cm 2 , Collins and Aikem
90% wool/l00% nylon, R76423 sun Albermarle, NC
eclipse, azure blue 78-3080
(ST7427-115, color 73/3252)

Vonar 2, 2/16 inch thick, .068 g/cm 2, Chris Craft Industries
(19.9 oz/yd2) osnaburg cotton scrim Trenton, NJ

LS-200 foam, 3/8" thick (33.7 oz/yd2) Toyad Corporation
.115 g/cm 2  Latrobe, Pa
LS-200 foam, 3-4 inches thick (7., lb/ft 3)

0.12 g/cm 3

Polyimide Foam (1.05 lb/ft3) .017 g/cm3  Solar
San Diego, Ca

100% polyester Langenthal Corporation
(10.8 oz/yd2) .037 g/cm:' Bellevue, Wa
4073/26

Norfab 11HT26 Gentex Corporation
Approximately (11.3 oz/yd2 ) .038 g/cm 2  Carbondale, Pa

PBI Calanese Plastic Company
Woven Cloth Charlette, NC
Approximately (10.8 oz/yd2) .037 g/cm

2
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SECTION 4

TEST PROGRAM

4.1 Test Setup

All tests were conducted within the Cabin Fire Simulator (CFS). The
CFS is a double-walled steel cylinder 12 feet in diameter and 40
feet long, with a double-door entry airlock at one end and a full-
diameter door at the other. It is equipped with a simulated ventil-
ation system and, for environmental reasons, all exhaust products
are routed through an air scrubber and filter system. A view port
in the airlock door allows the tests to be monitored visually. The
radiant heat panels used in these tests were positioned as shown in
Figures 1 and 2.

The radiant panels consisted of 46 quartz lamps producing a 10 watt/
square centimeter heat flux at 6 inches from the surface of the panels.
Prior to testing, the heat flux upon the cushion surface was mapped
using calorimeters. Figure 3 shows the positions at which heat flux
measurements were taken and their recorded values.

4.2 Instrumentation

The relative location of instrumentation for the tests is shown in
Figure 4.

4.2.1 Post test still photographs were taken for each seat construction.
These photographs are located in Appendix A. In addition, a video
recording was made during each test.

4.2.2 Thermal Instrumentation

Temperatures were obtained using chromel-alumel thermocouples placed
within the seat constructions. The number of thermocouples varied
between 2 and 3 per cushion depending on whether or not a fire
blocking layer was used (Figure 5). In the CFS, chromel-alumel
thermocouples were located along the ceiling and at the cabin air
exhaust outlet. Two heat flux sensors were installed facing the
seat assembly. The upper calorimeter was used to monitor the heat
flux given off by the radiant panels to insure consistency among
tests. The thermocouple and calorimeter signals were fed through
a Hewlett-Packard 3052A Automatic Data Acquisition System which
provided a real-time printout of data (Figure 6).

4.!
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FIGURE I TEST STEUP
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FIGURE 6. DATA ACQUISITION



SECTION 5

TEST RESULTS

A total of 23 full-scale cushion burn tests were conducted. Each
seat construction listed in Table 1 was tested twice with the
exception of constructions 8, 11, 12 and 13. For these constructions,
only enough material for one test was available. However, when two
tests of the same construction were made, the results were identical
and therefore a third test was considered unnecessary.

The purpose of these tests was to investigate the burning character-
istics of cushion employing fire resistant designs. It was the
peculiar designs and how the materials were used which were evaluated
and not so much the individual materials themselves. To give an
example, construction number 2 was designed to employ one layer of

- Vonar-3 as a fire blocking layer. The evaluation of the performance
of this cushion was not so much decided on what material was used,
Vonar-3, as the way in which it was used, one layer as fire blocking.

5.1 General

The constructions tested can be classified in four groups. These
groups are standard cushion construction, standard cushion construction
with a protective covering enveloping the urethane foam core, standard
cushion construction with a protective covering enveloping non-fire
retarded urethane foam core and standard cushion construction with
the urethane foam core replaced by an advance fire resistant foam.

The test results of these constructions is graphically provided in
plots presented in Appendix B. To aid in comparison of these
constructions, the peak values for each test and the time at which
they occurred were taken from the respective plots and are presented
in Table 3. The weight loss results are in Table 4. Post-test
photographs for each construction are located in Appendix B.

5.2 Standard Seat Construction

Construction number 1 is representative of the type of materials
most commonly used in the construction of aircraft passenger seat
cushions. These cushions were totally consumed by the fire in a
matter of minutes.

Characteristically, the fire-retarded urethane foam thermally
decomposes under the extreme heat into a fluid form and subsequently
to a gas. In the fluid form, the urethane drips from the seat
cushion onto the floor forming a puddle or pool. This pool of
urethane fluid gives off gases which are ignited by burning debris
falling from the seat. This results in a very hot pool fire
engulfing the seat in a matter of minutes.
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5.3 Protected Fire-Blocked Standard Cushions

The purpose of the fire-blocking layer surrounding the urethane
foam core is to thermally isolate the foam from the heat source
by either conducting the heat laterally away and by providing an
insulative char layer.

5.3.1 Aluminized Fabric

The celiox and norfab fire blocking constructions employed a
reflective aluminum coating bonded to their outer surface.

All three constructions resulted in identical test results. These
constructions were unable to protect the urethane foam in the
cushions closest to the radiant heat source. They were able to
slow down the burn rate of the urethane thus producing a less severe
fire. This fire was unable to penetrate the adjacent cushions also
protected by these materials.

Characteristically, in these constructions the urethane thermally
decomposes within the fire-blocking layer and produces fluids and
gases. The gas leaks through the cushion seams, ignites, burn and
continues to open the seams. This results in a small controlled
pool fire burning within the fire-blocking envelope with flames
reaching through the seam areas. The radiant heat source in
combination with the controlled pool fire, is adequate to thermally
decompose the urethane foam on the closest side of the adjacent
cushions. The heat source is not adequate to ignite these gases.

Reversing the edges at which the seams were located, i.e, placing
the seams at the bottom edge instead of the top edge of the cushion,
made no appreciable difference for the cushions adjacent to the
fire source. Placing the seam on the bottom edge of the cushions
farthest from the radiant panel helped to prevent the escaping
gases from igniting, and the seam from opening. All cushions using
this fire-blocking material were vented in the back to prevent
ballooning of the cushions by the gas generated within them.
However, the decomposed urethane tended to plug the vent and
restrict the out-gasing. The overall final appearance of the
cushion closest to the radiant panels showed a fragile, charred,
empty fire-blocking envelope with its seams burned open.

The final appearance of the cushions farthest from the radiant
panels showed a partially charred upholstery cover. The urethane
cushion had some minor hollow spots. When the seams were placed
on the bottom edge of the cushion, a fully intact fire-blocking
envelope remained.

The percent weight loss between the fire and non-fire retarded
urethane cushions was small, as shown by Figure 7.
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TABLE 4

WEIGHT DATA

Cushion Weight Before Weight After Weight Loss
Construction kg (LB) kg (LB) kg (LB)

I Test 1 3.36 ( 7.4) 0 (0) 3.36 (7.4)

1 Test 17 3.40 (7.5) 0 (0) 3.40 (7.5)

2 Test 2 5.78 (12.75) 3.72 8.20) 2.06 (4.55)

2 Test 4 5.43 (11.97) 3.76 8.3) 1.67 (3.67)

3 Test 11 5.22 (11.5) 3.27 7.2) 1.95 (4.3)

I Test 12 5.22 (11.5) 3.27 7.2) 1.95 (4.3)

4 Test 3 5.28 (11.65) 3.47 7.65) 1.81 (4.0)

4 Test 10 5.42 (11.95) 3.54 7.8) 1.88 (4.15)

5 Test 7 4.11 9.05) 3.00 6.62) 1.11 (2.23)

S Test 13 4.17 9.20) 2.95 6.50) 1.22 (2.70)

6 Test 5 4.26 9.40) 3.23 7.13) 1.03 (2.27)

6 Test 14 4.23 9.32) 3.18 7.0) 1.05 (2.32)

7 Test 15 5.10 (11.25) 3.8 8.45) 1.30 (2.80)

7 Test 16 5.00 (11.03) 3.67 8.10) 1.33 (2.93)

8 Test 18 3.84 ( 8.47) 2.74 6.05) 1.10 (2.42)

9 Test 8 8.89 (19.6) N/A --

9 Test 19 8.62 (19.01) 8.0 (17.65) .62 (1.36)

10 Test 9 2.29 (5.05) 1.63 (3.60) .66 (1.45)

10 Test 6 2.94 (6.48) 1.68 (3.70) 1.26 (2.78)

11 Test 20 1.91 (4.20) 1.66 (3.67) .25 ( .53)

12 Test 21 4.13 (9.10) 1.66 (3.66) 2.47 (5.54)

13 Test 22 4.45 (9.80) 2.72 (6.00) 1.73 (3.80)

-(tl I) ION
CONF IGURAT ION

BASELINE (1)

VONAR 3/FR (2) _ .

VORP 2/FR (3) 37 .4%

VONAR 3/NF (7) 2 . 9%

I/P LS-200/FR (4) 3 . 3%
-E1 [OX/FR (5)

___ _-J24.6%
1181/FR (13) 738 .8%

f4ORFAB-AL/FR (6) -2 . %4
: lRFAB-AL/NF (8) 28 .6%

* NUIFAR/FR (12) i--i160. 9%

1 )00 (9) 7 2

POYIMIDO (10) J 28. 7%

ll YIMl[ t) 12 6 1/,

0 II 0 1 21 40 50 60 /0 80) 90

'FRC[Nf WEi m[i LOSS

FIGURE 7. PERCENT WEIGHT LOSS
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5.3.2 Non-Aluminized Fire Blocking

Constructions 2, 3 and 7 used Vonar foam, construction 4 used
LS-200 foam, construction 12 used non-aluminized norfab fabric
and construction 13 used PBI fabric.

The constructions were unable to protect the urethane foams in the

cushions closest to the radiant panels. However, they did slow
down the burn rate of the urethane thus subjecting the adjacent
cushion to a less intense fire.

The fire-blocking foams performed much like the aluminized fabric
fire-blocking in that even though the heat was intense enough to
thermally decompose the urethane into a fluid and gas, the fire
blocking layer was able to contain and subdue the burning urethar
Flames exited where the fire-blocking char layer had fallen away.

The non-aluminized norfab fabrics were unable to contain the
decomposed urethane. The urethane fluid dripped onto the floor wi
it pooled and ignited. The cushions were completely consumed wh
this floor fire engulfed it. The overall final appearance of th
cushion remains closest to the radiant panels for foam fire block ,y
constructions 2, 3, 4 and 7 was thoroughly charred fire-blocking
material void of all urethane foam.

The final appearance of the cushions farthest from the radiant panels
were very similar. They varied in the amount of thermal decomposition
of the urethane foam core, i.e., the size of the void or hollowing of
the urethane. Construction number 2 using Vonar-3 material produced
the smallest amount of urethane decomposition. It was followed by
construction number 4, 3/8 LS 200 neoprene, and construction number
3, Vonar-2. Construction number 7 used a non-fire retarded urethane
with Vonar-3. It did not fair as well as construction number 2
employing fire retarded urethane.

Typically, the foam fire-blocking layer adjacent to the urethane
hollow spots were completely charred but intact.

5.4 Advanced Foam

Construction numbers 9, 10 and 11 used advanced foams in place of
the urethane foam.

Construction number 9, LS 200 neoprene, produced a deep seated fire

which did not produce a significant amount of heat or flames. It
smoldered long after the test was completed and required total
emersion in water to extinguish. This cushion had the lowest
weight loss as shown by Figure 7. However, an all LS-200 neoprene
seat cushion would result in a large aircraft weight impact because
of its high density.

.o
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The foam in the seat cushion closest to the radiant panels was
- completely charred with the upholstery burned off of all surfaces

except the bottom and back.

The foam in the seat cushions farthest from the radiant panels
had a thick char on the edge closest to the heat source. This char
gradually diminished halfway across the cushions. The upholstery
on the back and bottom of these cushions was not burned.

Constructions 10 and 11, polyimide foam, had different upholstery
materials. Construction 10, 90/10 wool-nylon upholstery, performed
identically to a previous test program. The cushions closest to
the radiant panels shrunk to one-half inch in thickness or less with
a char of one-quarter inch or greater.

The cushion farthest from the radiant panels shrank to within one-
half inch thickness with a char of one-quarter inch or less.

Characteristically, the polyimide foam thermally decomposes by
giving off gases, and produces a char layer as it decreases in size.

The decomposing of the foam beneath the upholstery on the seat
farthest from the radiant panel creates a pocket or void where the
gases generated by the foam accumulates. When these trapped gases
burn, the foam further thermally decomposes. Construction number
11, polyester upholstery, reacted differently from that characteristic
of construction number 10. When the radiant panel was turned on,
the polyester upholstery on the cushion farthest from the heat source
rapidly decomposed into a liquid which dripped off the seat cushions.

With the upholstery gone, the majority of the gas from the decompo'ing
polyimide foam escaped without igniting. These cushions decomposed
less as exemplified by the small weight loss and a thinner char
layer.
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SECTION 6

CONCLUSIONS

Urethane foam decomposes into a volitile gas when exposed to a severe heat
source. If this generated gas can be contained in such a manner as to
prevent its igniting or to control the rate at which it burns, the severity
of the fire will be reduced. This was clearly shown in the testing of
standard cushion constructions with a protective covering, "fire-blocking",
enveloping the urethane foam.

When the fire blocking was able to contain the decomposing urethane by-
products, i.e., fluid and gas, the cushions closest to the heat source burned
with less intensity, generated a minimum of heat and were unable to ignite
the adjacent cushions. However, when the decomposing urethane fluid was able
to escape from the fire-blocking envelope and pool on the floor, an uncontrolled
fire erupted which resulted in total burning of all cushion materials.

Some of the Norfab and Celiox materials utilized aluminum coatings. It was
not the aluminums reflecting properties which made the cushions perform well
as it was its non-permeable properties. This coating helped contain the
decomposed by-products and prevented propagation to the adjacent cushion.

Had the seams held and all the gases vented out the back of the cushions and
away from the heat, the decomposing of the cushions may have been even less
severe. Undoubtedly, the reflective properties had an effect in slowing
down the decomposing of the urethane, but only by a few seconds. The reason
being the emissivity and thermal conductivity of the aluminum coating was
inadequate to resist the severe radiant energy being applied to the surfaces.

The charred foam fire-blocking layers did not act primarily as a heat
barrier as they did a liquid and gas barrier. In the cushions farthest
from the radiant source, the urethane foam still thermally decomposed. It
formed a pocket of gas behind the intact charred envelope. This was verified
in post test inspection. However, the gas escaped slowly and only created a
silali pilot flame. The flame extinguished itself when the radiant energy
source was switched off.

The polyimide cushions are examples of a foam which thermally decomposes
at hiqh temperatures and generates gas and char but no noticeable liquids.
The wool-nylon upholstery trapped gases between itself and the foam. When
these gases ignited, the foam decomposed rapidly. The polyester upholstery
decomposed from the cushions fast enough to prevent the trapping of these
gases. Subsrquently, the foam in the cushions decomposed at a slower rate.
From these tests, it is concluded that no matter the foam used as a core for
the cushion, if the gases generated by the foam can be expelled or contained
in such a manner as to prevent their burning or reduce the rate at which
they burn, a severe fire can be avoided or delayed. It is further concluded
that if the thermal decomposition characteristics can be altered so as to
slow down the generation of gas, the time before a fire becomes severe can

* be extended to the point where appropriate extinguishment of the fire may
be possible.

S
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SECTION 7

RECOMMENDATIONS

It is recommended that a study be made tL incorporate cushion designs
and fire-blocking materials which are thermally stable and nonpermeable
to urethane fluids and gases to prevent or reduce the rate at which a
seat cushion burns.

This study should include considerations for wearability of fire blocking
layers, fatigue life of cushion foams and methods of venting decomposition
gases from the cushion assembly. Test results from this program have
shown that seam constructions significantly affect cushion burn performance.
Therefore, seam constructions previously studied by the NASA seat program
should be reconsidered in future cushion designs.

It is also recommended to use these studies as a basis to develop a design
standard for a fire resistant passenger seat. This standard must be
supported by inexpensive laboratory burn test methods that can verify these
standards are being met.

4i

* *



[ Construction Decorative Slip
Number Upholstery Cover F.B. Foam

1 Wool-Nylon None None F.R. Urethane

1 Wool-Nylon Cotton Muslin Vonar 3 F.R. Urethane

Wool-Nylon Cotton Muslin Vonar 2 F.R. Urethane

4 Wool-Nylon None 3/Y LS 200 F.R. Urethane

5 Wool-Nylon None Celiox 101 F.R. Urethane

6 Wool-Nylon None Norfab 11 F.R. Urethane
HT-26-Al

7 Wool-Nylon Cotton Muslin Vonar 3 N.F. Urethane

8 Wool-Nylon None Norfab 11
HT-26-Al N.F. Urethane* HT-26-AI

9 Wool-Nylon None None LS200 Neoprene

10 Wool-Nylon None None Polyimide

11 Polyester None None Polyimide

12 Wool-Nylon None Norfab 11 F.R. Urethane
IT-26-Al _
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NASA SEAT PROGRAM

PHASE I
* MATERIAL SCREENING TESTS

PHASE II
. MULTIPLE-LAYER OSU TESTS
. ONBOARD FIRE SOURCE DEVELOPMENT

PHASE III
" DESIGN STUDY
" ADDITIONAL MATERIALS SCREENING TESTS
" ADDITIONAL MULTIPLE-LAYER OSU TESTS
" SEAT DESIGN GUIDELINE
" DISPLAY SEAT FABRICATED

PHASE IV
* CFS CUSHION BURN TESTS

PHASE V
* CFS OPTIMIZED CUSHION BURN TESTS
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SEAT CUSHION CONSTRUCTIONS
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APPENDIX E-1

Seat Cushion Design Manual

NASA Final Report, Contract 7110-654, Linda Gay Thompson, Informatics, Inc.

Editor's Note: Sections of this Appendix have been deleted for
the sake of brevity. A complete copy of the
original manuscript may be obtained upon request.
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1.8 INTRODUCTION

INFORMATICS INC. has implemented an interactive computer process*
to calculate estimated costs for the manufacture and use of
advanced aircraft seat cushion configurations that are being
evaluated by NASA-AMES, CRPO for improved fire performance
characteristics. The methodology was originally developed by ECON,
Inc., and later, adapted to computer processing by INFORMATICS
Inc.

2.98 SPECIFICATIONS

The cost set algorithm methodology has been developed to:

* Provide user interactive computer processing.

* Serve as a storage facility for cushion configuration weight#
cost and fire performance information.

* Generate cost information for the manufacture and raw materials
of each candidate cushion configuration on a U.S. fleetwide
basis.

Derive the weight impact and resulting fuel consumption
sensitivity of each candidate cushion configuration on a U.S.

fleetwide basis.



SEAT CUSHION DESIGN SYSTEM
DATA FLOW

User InpautI
Required Optional FL

Choice: C.
File dispositiontR..t
Reports displayed Prgram
IType cost COTS ltotu~o
Seat replacement I-eildest

Years displayed Seat Cushion Maeilcost

Design code nos. Ra ae ntcost change/
Reference Cost Report volume cost
StudyVouecs

'Fleet attrition as Material % change material
rate Imanufacturin mfg. cost/yr

Max. no. seats Costs Report Seatlife
produced/yrSetwih

Weight and No. seats each A/C

Report X Short Haul

Summary-No. new A/C
Repor No. existing A/C

I1nitial year
New A/C Delivery Rpt.
Fleet Projection

No. years spanned
in rep~orts

Mnfg. costs or factors
and Ref.Code no.

*Reports described in, iser Manual Section 4
5XFILE records niame.com. described in User Manual Appendix 3

SEAT CUSHION DESIGN SYSTEM
DATA FLOW

.User..Input
R8.lOptiogR14nl CU FILE

0Aircraft/

Initial year IDel ivery/
Ho. years spanned i -ga Schedule*
No. new aircraft Program

b y type NEWACD ~Newacd. coS
by year 4 -Aircraft name

/ Het o. engines ____

Attrition factor R Reat
No. yrs to project'
Seatl ife *~iProgram
Seat replacement V~SEATONI j Setdm. c.m
method 4 H. nwaircraft
Max.no. seats INo. existing aircraft
produced.-Ur Initial yr

fleet prj
new A/C dlv. schd.
For each A/IC
no. seats
'C 1st class
%C short haul

*Reports described in User Manual Section 4
0m 'CVILE records namecom described in User Manual Appendix U



SEAT CUSHION DESIGN SYSTEM4

DATA FLOWi

I~flA - Dimen siocy
Seat C i m ion s k Roport
:y sea typ rL
by seat part Program V

ADDIM so Dimenrec.com

/w,'eight

It hie Design code no ~ LS ~ Rpr

got diensitn

Airraft

Aircraft name /RPeport
Number of engines-
Avg no. seats Program

7  
1 rt~o

X let class stats ACCHRC ---

X ahrt haul seats I
Wegtto fuel

1sensitivity
-- - - Fuel

__________________Price /
Initial year Report I
Fuel cost initial yr Por--
Yearly cost Change X --- amCT- -uecs~

Fleet
SProjection,

Initial year
No. years spanned
Number of aircraft -' Program

by type FLTPRJ -- ---- *Floot.com

by year I 1 -Aircraft name
- ~O.engne

10 Reports described in User Manual Sectionl 4
*0 XFILE records namecom described in User Manual Appendix B

SEAT CUSHION DESIGN SYSTEM
DATA FLOW

Usr Inou_ six

Raybird ot ional/et EAJ

Material -Code No.7 Product NO. Layer
Material Density :Suppie@rmcode NO. Report
Material Cost Densit with Program V

Fire Retardant 10 ADDMAT .- Mtrlrtc.com
Unit cost change/

vUOlumC COstVolume cost
X Cos Change/yr

Prdut ecriptionMateria Naet

-Suppli ers/
Report

-u spplier Code- No.-- 'Address Stret , - .

Address Namet Address City V

Address State Program
Address" Z.ip Code ADDSUP ip-Supplyrec.com

6 Contac Nam
Phone NO.

Design

Deig CdeNO '-MDOT tes 5 alugs Report
trI Code ILD test alues

Ieach layjer xchange mfg cost/yr Program
Manufacturing ADDSGN ti COflfigrec.com

Rcost,.Or factors:. 
Material name

6o * Reeeco co do no
- if factors

Sat Iite
three parts

*Reports described nm User Manual Section 4
55 rrLt records; namecom decribed in User Manual Appendix a
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SEAT CUSHION DESIGH SRhE

SEQUENCE Of EXECUTION

COSTS

SEATON MAKED9

A A
DAOP..1 , supA

fCHR ADD SG

LBS

FI3C3L 3.1,2

,ASL& PORM

LOb NEW :LOS! OLD * L05; OLD X %EAW-Y INCREASE'DN'

tLI LENY FLUX RATE IMOT

ADJUSTED D: ILD TE ( FACTOR X ILDI

siMPROGRAm

*JOGLUME LEN6IH X WI010 x DEPTH
,ON ALL 41EA : e 'LENGH A WIVTH + WIDTH XDEPTN 4 LENGTH X Ot

*I LW ,l rN) L ILL T %Lt 'LARLY INLREASEIISE2

bb~sw~

)UINHAL 00PE ed X ARIAT 4 WARE

&I~bII DENSITY H A~lEA
FESIT DNSITY X VIJLUI
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4SkA!5 PER A'C

. SbLA tL A 'E X COST/UNi LAk.

fLARLI 10SI : SEAT DEMAND x LOSI/SLEA

ANUFrACIURIK COS15

COST/SEAT : 3 X COST/CUSHION

YEARLY COST : SEAT DEMAND X COST/SEAT

PROJECTIONS

LOST(YR+t :OSTtYR) 0 U - /%YEARLY COST (4Ah)E/100)

A(LRIAL COST SELECTION

y : M. + B
Iftere Y a selits

1SEATS FOR I UNIT COST BREAK(CIHWAE I SEATS)

MLATS OF I UNIT TRL VOL COST/IBASE UNIT COST - CHANGE UNIT COST)

SLOPE(m1) CHANGE I SEATS/ CHANE UNIT COST

INTEICEPT

* INTEICEPTf(l -(SLOPE X (BASIC UNIT COST -CHANGE UNIT COST) + ISA

Pere Si~ts I SLATS Of I UNIT MIRL

,11PUIL UN:r LcLr

LAIW : (ISEATS - INTERCEPT)/SLOPE
efr t iS S le ni I Iflill llteria

I6.I :, _ - mm - = ' "' ' --
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~INIII L CuNDl('QN #OLD SL~i5(YLAAI IALL

91 %~ ULD ANI Nt.N
.. NO GLOLA01NTI OLD 5E~iS

-" * ; LD L4T YR X~ Yi -A fTRIION/ 81

Lii .r.' ? 95G LIFE RLMAIN(YR))

IIGLST(6RIC1LD
BOLD SEATS(YRGII NONE
.RLShICILD BY PRODUCTION RATE

NOLD SLATSIYR+lII SOLD SEATS(YRT MAX XSEATS 'YR

1NLW SEATS : OTAL ISLAIS - SOLD SEATS

SiAl WEIGHT $SEATS 6 WEiGHT/SEAT
OUT, ALITIT I WEIGHT(YEAR) + WEIGTYEAR*IT 2
LALLONS OF rV LYLAR WEIGHT X GALLONS PER UNIT WEIGH/YEAR

HI.. .111 ; G L+UlS X COST/GALLON

SEAT DEMAND

INITIAL CONDITION

N I
13 N/SL 3' 1 3

REPLACE- NONE GRADUJAL IIMMEDIATE

COMIPUTE

DEMWID(YEAR) PERAND(YEAR+IT

Ai I AT.. Xi 
2  

AT

02 VTAL 2 U J...2 2
V3 3 'X~L- A 3 Q Q 3

!I I VS5L2 L21 VL- iZ1

WHERE: 1(
IB.LTOR LENGTHE:OAX(SLI51 LZ)

K4. SLATLIFE D SLAT
AL'IL11L 1II N -TNT

1;~'* .- I DL3IG IlilkODUCTION

'' i 1 0 KVI AIRCRA# T
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SEAT DEMAND' DATE: 6/21/82
*8s$8ss8es

COACH SHORT HAUL tST CLASS

YEAR

1982 76942 0 6680
1983 06966 0 758

1984 93587 0 7264

1985 83048 0 7285

1986 75084 0 6523

1987 80654 0 7009

1988 87390 0 7594

1989 85009 0 7387

1990 89404 0 7768

1991 83319 0 7240

$Method used for deand Was GRAD

IA

NEW AIRCRAFI D.ELIVERY T0 U.S. AIR CARRIEK FLEET

AS OF C $ATI. 1/2 .8

A/f 70 79 80 8 62 83 84 q5 86 8' B8 89 00 91 92

2-ENGINE:
; 37 0 0 20 15 10 I0 to 10 to 0 0 0 0 0 "
PC 9 0 0 I£ 20 1o 20 I 10 10 0 1o 10 10 to I('
A300 0 0 8 5 1 4 5 1 1 5 5 5
3757 0 0 0 0 0 0 0 20 20 20 20 20 20 20 20

* '87 0 0 0 0 0 48 42 45 £0 13 14 7 £0 11 12

TOTAL 0 0 39 40 21 82 67 90 55 48 49 42 45 46 41

3 ENGINE:
3-'27 0 0 8t 60 50 50 50 40 30 10 0 0 0 0 Q
t1011 0 0 10 0 2 4 5 5 5 5 0 0 0 0 0
PC-to 0 0 Is 2 2 7 5 5 0 0 0 0 0 0 0

TOTAL 0 0 t06 62 54 61 80 50 35 15 0 0 0 0

4 ENGINE:
b-707 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3-720 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3-747 0 0 8 2 2 0 2 0 4 5 5 6 6 10 8
DC-B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

OTAL 0 0 8 2 2 0 2 0 1 5 6 10 8

U. S. AIRCRAFT FLEET PROJECTIONS

AS OF DATE: 4/ 9/82

A/C 78 79 80 91 02 83 84 05 86 87 88 89 90 91 92

--------------------------------------------------------------------- ----------- -------------- ----------

2-ENGINE:
F.-737 135 156 12 £80 £82 16 171 377 177 17 7 1 77 177 177 377 1'7

6C-9 389 385 370 3a9 390 404 414 421 423 423 423 425 430 430 40

A300 7 7 I5 20 2t 25 30 35 40 41 50 55 60 65 '

4 -757 0 0 0 0 0 0 0 20 40 60 80 £00 120 140 180

9-767 0 0 0 0 0 48 90 135 141 1s8 172 179 189 200 212

1OTAL 511 528 537 569 573 643 705 789 921 860 902 906 976 1012 1048

j3ENGINE:
F. 717 899 990 1042 £010 1059 £070 1094 1099 1095 1094 1093 1091 1090 1088 1086

3103£ 90 8 94 94 96 100 £05 110 t12 £0 112 112 112 1 12 l2

PC £0 132 £40 ,49 151 Il1 £58 160 162 162 162 162 162 162 162 £A.'

TOTAL 1121 1214 1295 1295 £306 1328 1349 1370 1369 1368 1367 1365 1364 162 136'

4 ENGINE:
1-707 2 17 142 140 124 100 75 60 60 60 00 5 5 0 0

-720 9 6 0 0 0 0 0 0 0 0 0 0 0 0 0

3-747 103 117 123 130 132 132 134 134 130 143 t44 150 IS$ 161 163

£-9 1£23 139 105 105 105 105 105 99 98 98 98 98 98 96 96

TOTAL 446 439 375 375 361 337 314 292 296 301 502 303 304 307 309

4
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FUEL COST PROJECTION (/GAL) DATE: 6/21/82

91 82 83 84 95 86 92 a9 99 90

1.00 1.05 1.10 1.16 1.22 1.28 1.34 1.41 1.49 1.55

91 92 93 94 95

1.63 1.71 1.80 1,09 1.98 -

*2RCR407 C006AC7(0200T[06 oIL[
*01166*66.1tE1661.8116e166o80

A0 0 02 0 0

17 . 20(il 2S0 2.4008 0007 0402 1..: 0 EI0272277

1-137 209 i * .024

oC-t 121 0 0.00
o300 200 0 15.30
1-757 Is7 0 Is.0.
6-747 20 0 14.04

3-166I6(2

8-72; 120 0 17 1
LI2022 325 60 25.50

DC-lO 325 0 25.37

4-66026(2

6-707 240 6 0 20.00
6-720 0o• 0 0.00

6-747 455 I 0 27,75

SC-I 275 6 0 20.75

* 444lt20002 60220.., fye2 €OOT.2.04 to arry

2 26. o0 0,Ce00. 601h o on airpl. ane for

S(AT CUSHI U(104T 0(6 CU04206 0.te2 4/22/62

SEAT CUS141H DESIGN MUNICRI 009
VS.

0(4T DEIN R[F(*(,Cc "UNDER: 002

NACK 80TT0 M54AP(0ST 1OTAL
LSS 1111 LBS .LDS LIS P16S LOS e2.
........................................

2.94 0.30 3.34 0.24 1.44 0.12 6.72 0.6

SHORT HAUL
1.94 0.30 3.34 0.24 1.44 0.12 4.7Z 0.&6

2127 CLA:SS

S.02 0.33 3.62 0.25 1.73 0.13 7.41 0.71

0 DELTA WEIGHT

INN OF THE WEIGHT REPORT

4C$• SEAT CUSHION DI (611061 DAI[: 4/21/12

COACH SEAT:2

L(46TH IDT DEPTH LENGTH WIDTH DEPTH LENGTH WIDTH D(T1
"Cost BOTTOM: HEADREST:

226.0 X 20.0 I 2.0 I6 220.0 0 22.0 X 4.0 262 '2.0 0 6.0 1 '.0 24'
ARE4: 672.0 66 IN 46(42 222.0 0 IN A;: 54.00 SO 20
4.u06(2 720.0 CU IN 0LU2: 1760.0 CU IN 0OLU6: 720.00 CU IN

SHOI HAUL SEAT:

(26.0 I 20.0 x 2.0 IN) 220.0 0 22.0 3 4.0 262 206.0 0 6.0 0 5.0 1.,
"CI 672.0 60 26 46(42 222.0 66 26 46I42 546.00 I0 IA

VOLUE( I 720.0 CU I. VOlUN I 1760.0 Co IN OLU( 720.00 CU 26

i6T CLASS SEAT

(10.6 6 22.0 0 2.0 262 220.6 6 24.0 I 4.0 IN2 2.0 1 120.0 5.0 262
46D4 992,0 60 26 46(42 2322.0 16 26 AM(6I 4400 0 SO6.
4010662 792.0 CU IN VOLU(! 1920.0 CU IN VOLUME6 900.00 CU IN

[I 01 6EA CUIHION .2.1.1.06 REPOT
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SEAT LATER DESIGN REPORT

NRBBNBsg$$$$$$NN$$R$$$$$

SEAT DESIGN NUMBER: 009

LAYER NAME CODE NO. S MANUFACTURER 5 COST FACTORS
. LABOR - FABRICATION 1.00

A WOOL/NYLON 005 - PLANNING 1.00
B NORFAB AL 011 - ASSEMBLY 1.00
C --------- -- - INSECTION 1.00
D ----------- - - - TOOLING 1.00
E -----------..------ -0- - DEVELOPMENT
F NFR URETHANE SR 004 - DESIGN

NFR URETHANE AM 004 ENOINEERING 1.00
NFR URETHANE MD 004 - SUST,

ENGINEERING 1.00
N FIRE FERFORMANCE PARAMETERS - OVERHEAD

- TOOLING I,0

ILD(BK) = 0 ILD(FT) = 0 ILD(HR) 0 - MISC. 1.00
APPLY TO IIESIGN 001

2.5 FLUX: MOOT = O.69E-04 E * 36231.88 MFG S/YR IYCREASE 0.
5.0 FLU X MOOT = 0.RE-03 E = 17857.14
7.0 FLUX HOOT = 0,3E-OS E 20633.33

S LIFETIME OF A SEAT MEASJRED IN NUMBER OF YEARS
BOTTOM 2.5 BACK 5.0 HEADREST = 5.0

SUPPLIER'S FILE

SUPPLIER CODE: 5

ADDRESS: AMATEX CORP

1032 STONABRIDGE SI.
NORRISTOWN

PA

19404
CONTACT:

PHONE:

SEAT CUSHION LAYER MATERIAL

MATERIAL CODE NUMBER: Oil

PRODUCT NO. : NORFAB IIHT-26-AL

MATERIAL NAME: NORFAB AL

DESCRIPTION : NORFAB FABRIC, WEAVE STRUCTURE lxi PLAIN

ALUMINIZED ONE SIDE. 25ZNOMEX/52KYNEL

SUPPLIER'S NUMBER: 5

DENSITY: 0.082 LB/FT2 OR FT3

DENSITY FIRE RETARDANT FOAM: 0.000 LB/FT2 OR FT3

* COST: 6 2.090/FT2 OR FT3

YEARLY COST INCREASE: 0%

UNIT COST CHANGE/VOL. COST: 6 0.000/$ 0.

END OF SEAT CUSHION MATERIAL REPORT

6!



130
i SEAT CUSHION SAN MATERIALS COST '92

eo*as.e..s.ess..ALs.c 
.

Seat Design alsuer: 555 Date: 6,22,8Z

R4. mattrmal Colt based on seat demand a1thod: GRAD

lACK 3OTTOM HEADREST TOTAL
COsT OCOST COST DOST COST DCOST COST DCOST

........................................

COACH:
38.17 14.53 42.71 2.69 19.19 9.29 92.57 44.58

SHORT HAUL:
36.t? 14.53 42.71 23.69 19.19 9.28 92.87 44.S

1IT CLASS:
3 2.93 *5.7 415 ZZ.34 22.46 25.89 161.31 45. A

D:la COst is ClCaIIted e1,,t respect to
Re~ference Seat Cushion 551 cost.

SEAT CUSHION MANUFACTURING COST i82

Seat Design Number: 049 Date: 6/22'92
Reference Design Number: 961

DESIGH REFER.
a 669 DESIGN DELTA

LASOR IS. is. a.

DEVELOPHENT 6. 6. 0.

OVERHEAD 6. 6. 0.

TOTAL 27. 27. 6.

*Not*: Cost to manufacture assumed same for
Coach. Short Haul and lst Class And
8ak, B ottom and Headrest cushions.

Costs for study design 09 DATE: 6/22/92

RAMATERIAL AND MANUFACTURING COSTS

.sm8Im565059m685e.655m5o68o555m553o METHOD: GRAD

COACH SHORT HAUL IST CLASS
YEAR RH MFG Rm MFG RH PO TOT RM TOT MWG TOTAL

1962 11184. 9839. 9. 6. 1672. 956. 12256. 16694. 22958.

1903 11993. 19551. 6. a. 1156. 917. 13143. 11468. 24611.

1964 11572. 1619. 5. 9. 1169. 95. 12601. 11666. 23747.

1965 12337. 10853. 6. 6. 1163. 944. 13519. 1179?. 25316.

1966 12339. 19655. 6. 9. 1193. 944. 13522. 1179". 2532.

1997 11864. 10455. 9. 5. 1139. 969. 13623. 11364. 2438?.

1998 12779. 11242. 0. 6. 1225. 971. 14664. 12226. 26234.

1909 12039. 11294. 6. 6. 1231. 902. 14969. 12276. 26344.

1996 12541. 11032. 0. 6. 1202. 959. 13743. 11992. 25735.

1991 13558. 11927. 6. 6. 1366. 1637. 14056. 12966. £7012.

*Costs in thousands of dollars
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WEIGHT AND FUEL IMPACT
5*55555555*5S*SSoSs

Design no. 119 Date: 6'22.'92

Year Weight Gallons Cost

1982 48291. 745. 782.

1983 143890. 2269. 2435.

19 4 233793. 
3694. 

4172.

1985 280969. 4323. 5254.

1986 287051. 4411. 5630.

1987 292742. 4492. 602S.

p-1988 297981. 4568. 6420.

1999 3:3155. 4642. 6858.

1996 369012. 4728. 7334.

1991 314966. 4815. 7843.

s~st demand based oi GRAD method.SDelta cost with respect to reference design 661
SCosts in thousands of dollars.
aGallons in thousands of gallons.

COST SUMMARY REPORT
sssssamsmsssse

UONAR3 HORFAD HORFAD LIGHT
CODE# 661 CODEN 662 CODEN 669 CODER 012 CODEN 609

METHOD GRAD GOAD GRAD GRAD GRAD
SEATLIFE 3 YRS 3 YRS 3 YRS 3 YRS 3 YRS

COST TO FLY(1986) 51566. 04139. 57196. 5M99. 57196.

COST TO BUY(1906)
MATERIAL 6986. 7634. 13522. 13312. 13522.
MANUFACTURING 11799. 11799. 11799. 11799. 11799.

TOTAL COSTS(1986) 76351. 193571. 82516. 75298. 62516.

DELTA COST-FLY(1906) 8. 32572. 5636. -1477. 5636.

DELTA COST-9UY(1986) a. 648. 6536. 6326. 6536.

DELTA COSTS(1986) 8. 33226. 12166. 4849. 12186.

AUG'D OUER PROJECTION:
TOTAL COSTS 72621. 183791. 84413. 77544. . 3.
DELTA COSTS a. 31178. 11792. 4923. 02.

sCosts in thousands of dollars.



COST SUMMARY.REPORT
... - o .... 6...

VONARS MorAg M ORTAl LIGHT
CODES 61 CODES 662 CODES 669 CODES 51z CODES a31

METHOD GRAD GRAD GRAD GRAD GRAD
SEATLIrE 3 YRS 3 YRS 3 YRS $ YS 3 YRS

COST TO VLY(19 6.) 84139. 57196. 51619. 51566.

COST TO BUY(11956)

MTEIFM. 6a9. 7634. 13312, 13312. 6956.
MANWACTURIMO 11799. 11799. 11799. 11799. 11799.

TOTAL COSTS(116S 7351. £63571. 02387. ?S26. 78351.

DELTA COST-FLYI9S6) 5. 3257. 5636. -1477. 5.

DE.TR COST-SUY(1I8S) S. 64_. 6326. 6326. 5.

DELTA COSTS(196) 5. 33221. 11956. 4649. 5.

AVG'D OUER PROJECTION:
TOTAL COSTS 72621. 103791. S42S4. 77544. 72621.
DELTA COSTS 5. 31176. 11563. 4923. 5.

K sCosts in thousands of dollars.

COST SUMMARY REPORT
....... .........m

VUOR3 NORFA MORTAh LIGHT
CODES 610 CODES 652 CODES 559 CODES 612 CODEaS56

METHOD GRAD GRAD GRAD GRAD GRAD
SEATLITE 3 YRS 3 YRS 3 YeS 3 YeS 3 YRs

----- ---- ---- ----.---- ---- --- ....... ... ...... ... ........ .. .. .

COST TO FLY(ISBI) 51566. 64139. 57196. 56689. 64139.

COST TO SUY(I986)
MATERIAL 696. 7634. 13312. 13312. 7634.
MANUFACTURING 11799. 11799. 11799. 11799. 11799,.

TOTAL COSTS(I9S6) 76331. 103571. 32367. 75266. 16357£.

DELTA COST-FLY(I9S6) a. 32572. 536. -1477. 3272.

DELTA COST-SUY(1906) 5. 645. 6326. 6326. 4S.

DELTA COSTS(986) 5. 33226. 11956. 4849. 33226

AVO'O OUR PROJECTION:
TOTAL COSTS 72621. 103791. $4264. 77544. 133791.
DELTA COSTS 6. 31176. 11563. 4923. 3i76.

-COsts an thousands of dollars.

COST SUMARY REPORT

VOMAR3 MOR TA MORFAB LIGHT

CODES I CODES a62 CODE 9s CODES 812 CODES 163

METHOD GAD SAD GRAD GR, GRAD
SEHTLITE S S YES 3 YS 3 YeS 3 YeS

-0T~rY: 01: aY
COST TO TLY(19SB) SIS . 64139. S7196. 5me. 74736.

COST TO JUT(19 6)
MATESIAL 696. 7634. 13312. 13312. 7276.

MANUFACTURING £1799. 1799. 11799. £1799. £1799.

TOTAL COSTS1$9 1., o 73S£. £6571S. 62367. 75266. 93619.

DELTA COST-TLY11I966 6. 32572. 5630. -£477. 23164.

DELTA COST-WUY11996) 6. 646. 6326. 6326. 94.

DELTA COSTS(96l) 6. 33226. 119S. 4649. 23466.

AVG'O OVER PROJECTION:
TOVAL COSTS T262£. 113791£. 4214. 77544. 94636.

DELTA COSTS a. 3 it. IISSO. 4923. 2266.

-Costs as thouSandS of dollars.
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COST S1U Y REPORT

UONARS MORFAE NOARA LIGHT
CODES 663 CODED Mt CODE 669 CODE Il COCeI 004

METHOD GRAD GOAD GRAD GRAD GRAD
SEATLIFE 3 AB 3 Tal 3 YES 3 YES a YES

COST TO FLY33986) S1566. 54139. 57111. 5669. 163679.

COST To SUY(196)
MATERIAL 596. 7634. 13312. 13312. 7136.
MANUFACTURING 11799. 117 117 13799. 137.9. 31799.

TOTAL COSTS(1966) 76351. 163571. 623?. 7S266. 162615.

DELTA COST-FLY916) 6. 32572. 5636. -1477. 111512.

DELTA COST-oJyTIs1 ) 6. 646. 632. 6326. 152.

DELTA COSTS(3966L 6. 33226. 119 . 4649. 111645.

AVG'D OVER PROJECTION:
TOTAL COSTS 72621. 163791, 64241. 77544. 177272.
DELTA COSTS 6. 31176. 11563. 4923. 164652.

*Costs *n1 oOoo f03..I COt$ 'l housands of doillars.

COST SUMMARY REPORT

UO40R3 NORFAS NORVAD LIGHT
CODES Ml CODES "I COCCI 661 CODES 612 CODES 6S

METHOD GRAD GRAD GRAD GRAD GRAD
SEATLIPE 3 TAR 3 YS 3 YS 3 YRS 3 YES

COST TO TLY(1906) 51566. 64139. S719. 50069. 63446.

COST TO 1iv(11966)
MA TERIAL 69". 7634. 13312. 33312. 13453.
MANUFACTURING 11799. 11799. 11799. 11 99. StPra.

TOTAL COSTS(ISS6) 76351. 163571. 82367. 75266. 66697.

DELTA COST-FLY(1906) 6. 32572. S636. -1477. 1179.

DELTA COST-BUYIISM) 6. 646. 6326. 6326. 646?

DELTA COSTS(196) 6. 3322. 156. 449, 11347.

AUO'D OVER PROJECTION:
TOTAL COSTS ?623. 163791. 64264. 77544. 96.61.
DE LTA COSTS 6. 31176. 31563. 4923. 17961.

*Costs mn thousanOs of dollars,

COST SUMMARY REPORT

UGNAR3 N~rFAI NORFAS LIGHT
CODES 661 CODES 112 COCCI 669 CODES 411 CODES 96

- - - - - - ------ -------------------------------------
METHOD GRAD RED GRAD GRAD GRAD
SEATLIF 3 YRS 3 YRS 3 YES

- - - - - - ------- ------- -----------------------------

COST TO FLY(I946) SS6. S4139. 57196. sn 9. 63629.

COST TO Y(ISRS)

MATERIAL 696. ?634. 13312. 133)1. 1355.MAI UFACTURINO 11799. 11799. 31799. 1799. 33799.

TOTAL COSTS1906, 7113S1. 186571. 62367. 75269. 6662.

DELTA COST-FLY39586) 6. 3Z572. 5636. -1477 12263.

Dl I)*i?*fi'33a 645 6376 6316 6269

101I ON13 1671 04Z64 77344, 906Z.
DELTA COSTS 0. 311l0 11363 49Z3 1PP42.

.Cost. on INoVAAOA of d0oi38r
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UomesR AORTA WArS LIGHT

METHOD GaD GRAD GRAD GRAD GRAD
SEATL rE 3: ,6 3 73 3 Yes 3 Yes 3 Yes

COST To rLYl196 11561. 64339. 5196. smo6g. 59005.

COST TO 6137(I9663
MATERIAL di66. 7624. 13312. 13312. 121.
MAMNWACTURIMG 33799. 1379, 1179 11799. 17991.

TOTAL COSTS(1966 76351. 163573 62307. 71266. 64693.

DELTA COST-rLY(19663 a. 32572. Se636. -1477. 6239.

DELTA COST-011Y(196 6., 646., 6391. 6326. 5Me9

DELTA COSTS(396 6. 33226. ti9s&. 4546. 13?7.

AVG'D OVER PROJECTION:
TOTAL COST 72621. 163793. 64264. 77344. e5ggs

DELTA COSTS 6. 3176 1563. 4923. 33213.

.Costs SM thoussMds of dollarsO.

C ST SUMARY RPR

VONAR3 AofRTAS omRTA LIGHT
CODCUSt_663! COSU2 CODES 669 CODES 012 CODES Oft

METHOD GRA GRAD GRAD GRAD SGRAD
SEATLirE ------ I.Y:65 R -- 3 76 1e ----- 3 YR 3m ------

COST To rLY3196 13166. 64139. 57396. 5smo9. 77566.

COST TO BJT11956)
MATE I AL 696". 77634. 13121. 3332. 7691.
MANUFACTURNING 11796. 1379 0.79 LI. 1.9.

TOTAL C05TSC16 I 76351. 1031171. 62367. 71266. 96995.

DELTA COST-FLY31966 6. 32572. 3636. -1477. 23646.

DELTA COST-633Y(1963 6. 646. 6326. 632. 76a.

DELTA COITS(39663 6. 53226. 1s991. 4649. a64

RUG-S OVER PROJECTION:
TOTAL COSTS 72621. 163793. 6426. 779". 962
DEL TA COSTS a. 333's 3196. 4923. 25631.

*Coot$ in thOult146S of dollars.

COST "WNARY REPOT

UONA113 "ORAS AORTAN LIGHT
coDs 963 CODEI .6. CODES 669 CODES 632 CODES 69

METHOD GRAS GRAD GRAD GRA D GRA
9EATL lEE 3 Yes 3 769 3 769 3 765 3 76

COST TO FL713966 11961. w4lso. 97166. 5966. 51396.

COST TO BJY139SSG
MATERtI AL 0666. 7634. 3332 333. 332
MMWfACTU63ANG WI7S. t1799 339. 3. 'IT"9

TOTAL C05T533666 76393. 1629173 623?. 7S26. 62367.

DELTA COST-fLYTI 39663 6. 32572 -6 1 477. 96961

DLTA COST-61"73944, 6. G4. 6391" 636 6326__WG

DLTA C05T533966 6 33256. 33996G. 4649: 33966.

AUGIS ouER PROJECTION:
T OTAL COST: 7113 3671 6424.1114 626DELTA COSTS 6. 3376 36. 4923 36

-cst 1.l 114068.04 of Ostia's
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COST SUMMARY REPORT

UO"n3 moRFARo NORFAR LIGHIT
Cots st coDts 652 CoDts co9 CO a 612 CODES 610

ME71hOD DRAD GRAD GRAD GRAD GRAD
SEATLIFE a Yes 3 Yes 3 Y*S 3 Yes - 3 - Es---

COST TO FLVlI944 51566. 04139. 571%6. soma9. 13762s.

COST TO SUY119866 31. 31. 1
MATERIAL 666 73. 332 11. 1.
MAM4JFACTRN 11799 11799. 1179s. 1799. _11799.

TOTAL C05TS11966) 76251. 183S71. 82387. 73266. 196995.

DELTA CO:T-rLV1I961 
U 32372. 3636. -14:77. 694:63.

DELTA CO T-bJ)YI96. 4. 6326 326. 112.

DETAC0T515616. 33220. 11956i. 4649. 66649.
--------------------- - - - - - - - -

AVG'D OVER PROJECTION:
TOTAL COSTS 72621. 163791. 94284. 7754 193686.

DELTA COSTS a. 3117?6. 11363s. 4923. 61267.

sCosts ,n theiRu649T45 Of 40118111.

COTSUMANY REPORT

uO"M2 CNGRrf %ORrAR L1014T

METHOD GRAD GRAD G-RAD G----RAD --- RAD-On

SEATL Ire 2 YeS 3 YES 3 YeS 3 YES 3 Yes

COST To rLY115661 51366. SAM3. 37196. 5o6a9. 37535.

COST To RIJYI19061
"ATIER AL 6966. 7634. 12312. 12. 224

MANLWATURINO11799 11099. W1as. 179. 19.

TOTAL C05T51196 702251. 129571. W26. 726. 771

DELTA COST-FLY119861 a. 3*572. 562. -14:7 -14636.

DELTA COST-611Y(196 a. 66 s3us m226. 1419.

DELTA C05TS411616 6. 3IRI6. 31956. 466 1361

AUO'D OUER PROJECTION:
TOT AL CoST 72621. 111?91. 614264. 77344. 746"6
DELTA COSTS 6. 38171. 113SRI. 4623. .217.

*COStS in tlOU~a.Gs of dollars.

COST SEINUARY REPORT

UoNw Hoorn* NORITAD LI GHT
coven 661 CODEN Sol coDER me, CODES 612 CODES 612

ME TMOD GaD GRAD GRAD GRAD GRAD
$EATLIre a YES 3 Yen 2-- 3YES --- YE- 2 Y ES-----

cost To rLY(1966 11%s". 64139. 51196. 396. 66.

COST TO SUY (19ft1

FuiAWACTURIMO1 1179 799 11799. 1799. Was6.

TOTAL cooslas"95 76231. 103S71. 62367. 75266. 73296.

DELTA COsT-rLY(19661t 6. 32572 3630. -3477. -1477.

DELTA COST-UY119661 a. 646. 6286. 6326. 6226.

DELTA C05TO119661 I.s32as. Items. 4649. 469.

AVG1D OVER PROJECTION:
TOTAL COSTS 7262L 671. 624 77S44. 77544

DEL TA COOTS a. 310. 353 4s23. 4922.

*Costs np IRR..AMdA of dollars.
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COST SUIMOy REPORT

VO03 NOor AS NOOF AS LIGHT
CODES SIa CODEU a02 CODES 009 CODES 012 CODER 502

METHO ND-O -- D HOOP HOp - P HoP

SrETLIrE 3 TOO 3 YeS 5 YVt 3 YOl 3 YES

COST TO ELYISSI) 5150. 59413. z5z. StZil. S9416.

COST TO VUYiTIIS)

MATE .. IS, 7147. 0500. 3500. 7147.

MHUVACTURINi 1793. 11790. 12790. 1179. 10.

TOTAL COSTS(I90I) 70352. 7050. 7312111. 71S. 70S0.

DELTA COST-rLY(19O51 5. ?844. 1350. -350. 7044.

DELTA COST-TJTYII90I) 0. I6i. iST4. 1574. 11.

DELTA COSTS(t190 5. 0005. 230. 1219. es.,

AVOD OVER PROJECTION:

TOTAL COSTS 72211. 924. 75543. 73757. Sen6t.
DELTA COSTS a. 3340. 2922. 1136 0340.

,Costs in thousands of dollIrs.

COST SUMMARY REPORT

OHAR3 HORFAS HO FAS OIGHT
CODES N31 CODE' 552 CODES S0 CODES 012 CODES 003

METHOD GRAD HOOP HO.P HOOP HOOP
SEATLIFE 3 YES 3 YES 3 YES 3 TOO 3 YES

COST TO FLY($IIO ) 52500. S9420. 52922. 51211. 51149.

COST TO SUY(lftI)
MATERIAL ag00. 7147. SGQ . s5al. TS.
MHPULACTURIHO 11799. &1798. 11793. 1710. 21790.

TOTAL COSTS(190I) 70351. 70350. 73201. 71509. 706"4.

DELTA COST-FLY(1900) M. 7044. 1356. -356. 0333.

DELTA COST-SUY(1900) 0, 101. IS74. 1574. TO.

DELTA COSTS(g 0 0. o0. 2930. 121. SSS3.

AVGOD OVER PROJECTION:
TOTAL COSTS 72021. 00961. 75543. 73757. 73515.
DELTA COSTS 0. 0340. 2922. 215. 5O4.

*Costs in thousIands of dollarS.

COST SUHMARY REPORT
SSS5OSSOOSSS5SOSSSS

OHaR: HOAAS HoOa" LIGHT

COPES Il CODE' 00 CODES 059 CODES O22 COK 004

ME THOD OAD HOOP HOO HOOP HONP
SEATLrE I VOS 3 YES 3 YES 3YS a TO,

COST TO FLYI(IgO) SSS. 59420. 51912. S111. 70421.

COST TO BUY(III6)
MATERIAL 0900. 7147. 0500. 0300, T025.

AOWACTUINO 11799. 1190. 1179. 21' 79. 12,793

TOTALM COSTS(IS T03M1. 71135. 73251. 71509. 97243.

DELIA COST-LTIIS) 5. 7044. 235. -SS. 2005.

DELTA COST-SIJY(IOO) 0. 102. 2574. IS74. 37.

DELTA COSTS(I90) 0. 29OOS 2 2 . 11 ll 2 0- -

AVO'D OVER PROJECTION:

TOTAL COSTS 72011. 1".. 75N43. 73757. 200003.

DELTA COSTS 5. 0340. 2922- 1130. 20003,

aColts in 2hOUladO Of Iollars.
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COST SUMMARY REPORT

VOONO3 NORFOR NORFAS LIGHT

CODER G 1 CODE* Oe CODEIR Ga CODER R1, CODER 695

MeTHOD GRA0 HORP NOkP HnP HORP

SEATLIFE 3 YRS 3 YRS 3 YRS 3 YR 3 YRS

COST TO FLY(1986) 51566. 59416. S2922. 51211. 54427.

COST TO 3UY(1918)
MATERIAL 6986. 1147. sia. assa. 6596.

MANUACTUOING 11799. i179a, 11796. 11799. It,9a.

TOTAL C05TS1S966 75331. 70336. 73281. 71569. 74821.

DELTA COST-FLY(I1986 9. 7944. 1356. -356. 261.

DELTA COST-UY(1996) a. 164. 1574. 1574. 1629.

DELTA COSTS1936s 3. 0105. 2936. 2219. 4470.

AVG°D OVER PROJECTION:

TOTAL COSTS 72621, 9096.. 7SS43. 73757. 77147.

DELTA COSTS 0. 8340. 2922. 1136. 4327.

ACOSOS in Iho..aS Of dollars.

COST SUIRNY REPORT

Re .......

VONR3 MORFA NOOFAS LIGHT

CODER Sa1 CODE 8R2 CODER 9. CODER SI COPE 606

- - - - - - - ----- ---------------- --- --------------
METHOD GRAD HORP NORP HOOP NORP

SEATLIFE 3 TS 3 TWO 3 YRS 3 YRS 3 yuS

---------------------------------------
.. .. . .. . . .. .. .. . .. . . .. ... . .. . . ... ... ... ..... . .. .. ... ... .... ... ... ...-

COST TO FLY(ISRS) 51566. 59413. 52922, 51211. 54519.

COST 1Th )iY&199)MATERIAL 6996. 1147. 663. asia. 8546.

MANUFACTURING 11799. il s. 11799. 11796. 11798.

- - - - - - - - - - - - - - - - - -- - ---- ---- - -

TOTAL COSTS196' 7835. 70356. 73281. 71369. 74864.

DELTA COST-FLY(19661 9. 1944. 13S6, -356. 2933.

DELTA COST-SUY(1996) a. IS. 2374. 1S74. I56i.

DELTA COSTS(I9SS) 6. 063. 2936. 1219. 4513.

- - - - - - - ------ -------------------------------- ---- -

A0G10D OVER PROJECTION: .
TOTAL COSTS 72621. 561. 43. 73757. 77196.

DELTA COSTS a. 0346. 2922. 11i. 4376.

,Coots in thousand$ Of dollars.

COST SUMMARY REPORT
............ wl* .

VOHAR3 HORFAS HORFOR LIGHT"

CODER Ual CODER 032 CODE 0039 CODEO 612 CODES 637

METHOD GRAD HOOP HOOP HORP HOOP

SESTF 3 YS 3YRS 3 YE 3 YS 3 YRD

COST TO FLYII9SiI 51566. 59410. 52922. 51211. 53550.

COST TO BUYTII ")

MATERIAL 6936. 7147. 0560 8566. 6317.

MANUFACTURING -11797. 1 79. 9179-- 1179. 1179 .

TOTAL COSTS(I906 7033!. 79356. 73201. 71369. 73736.

DELTA COST-VLY(1996) . 7044. 1336- -336. 1964.

DELTA COST-SUY(1966) 6. I61. 1574. 1574. 1371.

DELTA COSTS4I1931 6. 9605, 2930. 1219. 335.

AUG'D OVER PROJECTION:

TOTAL COSTS 7262!. 061. 7553. 73757 76"4.

DELTA CORTS . 9346. 2922. 1136. 3383.

RCost$ l thloU.ns of WllasS.

I~l+ . . ... . . ... .+ , . , .. . +;- +" + ++o I
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COST SUMVARY .EPORT

OQ AR3 MORTAS MORTAR LIGHT
CODES SOS CODES 56z CODES 390 COPES 1Z CODES 665

METHOD GRAD NOOP hOoP NOOP HOOP

SEATLIFE 3 Ys 3 yRS 3 YRS 3 YRS 3 YES

COST TO FLY(39S6) 5156. 59416. 529Z2. 51211. S713,

coST ToSUY(1195)
MATERIAL 6566. 7347. 55L0. 0566. 7353.
MANUFACTURING 13799. L1799. 1179 . 11796. 11791.

TOTAL COSTS(1986) 76351. 78356. 73251. 71569. 75772.

DELTA COST-4LY(1956) 9. 7044. 1356. -356. 6247.

DELTA COST-SUY(1996) S. 161. 1574. 1574. 175.

DELTA COSTSCISMI a. 911. 293. 3219. 6422.

AuO'D OVER PROJECTION
:

TOTAL COSTS 72623. 09961. 75543. 737S7. 7:365.
ODLTA COSTS . 9340. 2922. 1136. 6607.

*CoSts in thousands Of do4llrS.

COST SumNRY REPORT

UONAR3 NORFAS NORFA LIGHT
CODE adI CODES an CODES ISO CODES 12 CODES a"I

METHOD GRAD HOnP NOOP HOOP HOP
SEATLITE 3 Y.S 3 TIOO 3 YES 3 YRS 3 YES

COST TO TLY13 96) 53566. 5941. 52922. 51211. $292Z.

COST TO gUY(39361
MATYER IAL 69115. 73:7. 0666 5366. 6566.
MA WACTURIN 179,. 1179, 117S8. 11790. 11799

TOTAL COSTS)196) 7ss1. 79356. 73281. 71S69. 73263.

DELTA COST-fLYt1996) D. 7844. asse, -ass. Is .

DELTA COST-IBUY(193) S. 363. 174. 3574. 1574.

DELTA COSTS(S56) 5. 0S. 2938. 1219. 2936.

AUG'D OVER PROJECTION:
TOTAL COSTS 7262). 09691. 75543. 73757. 75543.

DELTA COSTS S. 6345. 2922. 136. 2922.

SCostS in tfoUSaodS of dollars.

COST SUMPURY REPORT

)O4AR3 HOSFAS NORrAR LIGHT

CODES Set CODES US CODE 669 CODES s12 CODES 616
- - - - - - - - - - - - - - -- - - - - - - - - ---------

GRAD HOP HOop HopP HOOP
METHOD S 3 YES 3 yeS 3 135 3 76 -
SEATLIFr "O

COST TO FLY(t)I6) 9156. 59416. s2922. sall. Ita373.

COST TO SUY(1966)

MATERIAL 8936. 7347. 56I. 6569. 7266.
"A ER ACTURINO 3799. t796. j1TO. 31736. 31796.

- - - - - - - - - - - -- - - - - - - - - - ---
TOTAL COSTS(1936) 7635. 76356. 732.3. 35169. 142799.

DELTA COST-rLY) 96) 0. ?944. 136. - 356. 2 5e1.

DELIA COSI-SuYvi3s5) 6. 131. 1574. 574. 394.

DELTA COSTS)t
q
6 . 6SS. 2936. 1319. am?70,

- - - - - - - - - ----------- ------------ -----------------------

AVO'D OVER PROJECTION
TOTAL COSTS ?262. 6951. 75545. 73787. 140273.

DELTA COSTS is. 834. 292D. 1136. 21761.

OCSSts in thowSRndS Of 6011a16



COST SMJummy 6(7097

VO" HOE? AS HOE AS LI GHT
Cols "I1 CODE S 66 CoDs 609 Costs all CODES, il

METHOD GRAD E HOo HOP ----- "ap

- - - - - - - - ----------- --------------------------------------

COST TO rLYIIIOS) Il344. $9410. MOR2E. still. 46166.

COST TO MIVIIISSII
HOTrESmiA 69". 734?. 65116. o16". 1662a.
1110ACTuhINe IT"9. 11796. 11796. 11t96. it?"9.

TOTAL C05T5 11693 -;on& 656 311 10.-T66o6.

DELTA cosT-rLY1119111 a. 7344. is"6. -336. -3379.

DELTA COST-S3JY190611 IS. 1*1 1374. 74. 311131.

DELTACOSTII 1966) 6 . em6. *935. Il1S. 437.

A14'D OVER PROJECTION:
TOTAL Costs 73"21. *Ms6. 73343. 1,31137. 73767.
DELTA COSTS 9. @346. &28. 1136. 147.

*CAAIS in ShOUgali Of tellers.

COST SW6PAY REPORT

CODES an CDS CODES of9 CODES s1t CODES oil

MECTHOD 66AD HowP Hoop H4011 HIM"
SEATLITE a YR9 a V1 a yes aVMS 3 yes

COST TO fLY41666) 31904 39416. $3132. 31211. s1a11.

COST TO s3711666o
AM 1E515. 6660. 7347. a3s" go"4. 3360.
MIMA'ACTUAIHO 1169 11796. 11719. It?"6. 117"6

TOTAL COSTBI 19661 76551. 76554. 73861. 71561. 71509.

DELTA COST-rLV~iI6M 6. 7644. 1316. -SSG. -111%.

DELTA COST-BIY(19601 6. 161. 1374. 1174. 1374.

DELTACDSTS(1366) .. 5... 66. 29M6 129 1219.I&S 1

AVGUO CUES PROJECTION:
TOTAL COSTS 73031l. ""91. 73543. 73737. 73737.
DELTA COSTS 6. 6346. 2922. 1150. 1150.

4COStS oft th161.5546 of Sollars.



CO
COST SUMMA RY REPORT

v ON4f3 MrVl An MORtA LIGHT
COoE Sol CODE. en coot S CODEN 012 CODES 662

HE ITOD GRAD IMD [MD [.D 11D
St ATL~f ,I 'as 1 7".. 11.-3 ,I 3Y

S1 o 10 is -19ft S1S66 94139. S7196. S"89, 04139.

, TO lIU-1911l,

T96 191 3314. 3314. 191.
'C 11799 2936. 296. 2936: 2 .

1U1
t
AL ,osTl511 ) 76351 68977. 63446. 50341. 8977.

Dli TA COST -rLT IIS4I 6 32572. 503. -1477. 3257*.

02 TA COST bTI 06 6 13940. -[2533 -12533. -13940,

DELTA COSTS IS0 1[6-2. -0963 -14616. 1S620.

*vOD OVER PROJECTION.
TO T^L COSTS 7202. [5h 835901 6155 16W2
DELIA COSTS 6 3S551, 15s69 0737. 30551.

-Cost. h.. ITTU*M4 fE O6. I.-

COST SUMMARY REPORT

VONARS NORMD MORFAS LIGHT
CODES 661 CODE* 662 CODES 669 CODE: 612 CODED 663

M THOD GRAD [MAD [MMD [MMD [IAD
SEATLIFE 3 YES 3 YVS 3 YeS 3 YES 3 YES

COST TO fLYI[9016 51500- 0413C. 57190. 59419. 74?56.

COST TO 307(l39603

BMATERIAL 0960. l901. 3314. 3314. 1616.
MANUFACTURING 11799. 293a. 25. *936. 2936.

TOTAL COSTSD19t 0) 70351. 86977. 63d48. 56341. 79496.

DELTA COST-FLY(19S6) 6. 32Sz72. 5636. -1477. 23104.

DELTA COST-S[JY(19)0 6. -13940. -12533. -12533. -14637.

DELTA COSTS(I916) 6. &62. -963. -[4616. 9147.

AVGD OVER PROJECTION:

TOTAL COSTS 72021. 19172. 66536. 01551. 99276.
DELTA COSTS 6. 36551. 159S5 9737. z0S.

*Costs n thOUSTS of O loIrS.

COST SUMMARY REPORT

VONAR39 Mo~rAS Mo~rFA LIGHTCOCCODES 61 CObEU 662 CODES 669 CODES 012 CODES 664

METNOD GRAD [MD ID [MMD IiD

SERTL lEE 3 YRS 3 YES 3 vRl 3 YB, 3 YRS

COST TO FLY(II96) 5150e. 94139. 57190. sfa6. 16079.

COST TO UY(190S)
MA TERIIAL 69:6. 1901. 3314. 3314. 1777.

INMANLVACT7,J4ZNO [[799. 2936. 2936. 2936. 2936.

TOTAL COSTS(1960 7631. 0977. 03446. 56341 167793.

DELTA COST-fLY(190[) 6. 32572. 560, -1477 111SI.

DELTA COST-tUY(1968) . 13940. -12533. -12s -[4676.

DELTA COSTS9I960 6. [9020 03.03. -14 97443.

01G10 OVER PROJECTION:
TOTAL COSTS 72621. [69172. 30536. ISI 16024
DELTA COSTS 6. 30571. [5965. 6737 [[5044.

K *Cott@ An thOURITII Rf dollars.
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COST SUMMARY REPORT

VONA03 CORrAl CORFAD LIGHT

CODES 531 CODES S33* CODC 9 CODES 312 CODES 55

ME THOD GRAD 1 5D IMMD IMMD I1D
SEATL|rE 3 YES 3 YES 3 YES 3 YES 3 YES

COST TO FLY(I96, SIS66. 4139. 57196. 53339. 63446.

COST TO BLU(11936)
MATERIM. 6936. 196, 3314. 3314. 3349.

MAMUFACTUA1ING £17 9. 293, 293, 293G. 2933.

TOTAL COSTS(1936) 73351. Dg??. 63446. 56341. 69733.

DELTA COST-FLY£1936, a. 32572. 5633. -1477. 11879.

DELTA COST-DkJYt1996 3. -13946. -12S33. -£333. -12497.

DELTA COSTS(19 6) . 1626. -6933. -14313. -61 .

-- ---. -. ---- --- -- --. -. ---- -- ---- -- ---- --- --- .-. ---- --- -. -. ----.:.1... . . .

RYG'D OVER PROJECTION:
TOTAL LOSTS 72621. 109172. CR530. e135S. 9499S.

DELTA COSTS B. 36551. £5909. 8737 2379.

CSts 0 thOUSafc.S of 6ollErs.

COST SUMMAfRY CEPOAT

o.. ......... A

UONRC3 CORFAE NoAlAI LIGHT

CODES "I CODES 30z CODE 339 CODES 312 CODES 06
- - - - - - - ----- -------------------------------------

METHOD OA IWO IMMD IMMD 1IMD

SEATLIFE 3 YES 3 YES 3 YRS 3 YES 3 YRS
------------------- ---------------------------------------------------------

COST TO rLY119 l StSSS. 44ti. 5T759. S4"9. 63529.

COST TO SUY(IS6)
PIATERIAtL 6936. 1961. 3314. 3214. 3333.
MACWACTURICG 117SS. 2933. 2933. 293. 5533.

TOTAL COGTG1S93s) 7391. 30977. 6344G- 56341. 73366.

DELTA COST-FLY(1986£ a. 32572. 5630. -1477. 12263.

DELTA COST-3Y,19)6 . -13946. -12533. -1233. -12547.

DELTA COGTSSS6 3. 1o2. -6933. -1401 -RS4

----- ------ - - ----- --- 0-- ------- :------------

AVG'D OVER POJECTION:
TOTAL COSTS 72621. 139172. 085"8. 135. 95157.

DELTA COSTS G. 3655£. 159C9. 9737. 22537.

ACORts I" thOU9nds O a~ltars.

COST UMM"ARY REPORT

VOC40S P0RIAI COrAS LIGHT
CODES "I CODE* I2 CODCI "S CODES 112 CODES li7

............................................................................

6 METHOD GaRD ImD IMMO IMMD iVID Id

GRETLIFE 3 YS 3 YES 3 YES 3 YES 3 YES

COST TO rLY(I9S6) 51536. 04139. 37196. s3g. 59335.

COST TO GUY1936)
M ATERI. A6966. 1961. 3314. 3314. 3111.
MAUWACTURING 1S 2 933. 293. 295 . 2953.

TOTAL COSTS(II36) 73351. 9G977. 63443. 56341. 65S3.

DELTA COST-rLYE19"6 3. 32572. 5633. -1477. 3239.

DELTA COST-I5JY(IS6) S. -13946. -2933 -12533. -12736.

DELTA COSTS1O I 5. 1362s. -6903. -£4313. -4497.

AVeOD OVER PROJECTION:
tO TAL COSTS 72621. 119172. 5630 11353. 932.

DELTA COSTS 5. 3651. £5919. 3737. 17999.
sCOOTI Ti £9ROIOlOd Of SOIIATI.

6 . . +.. .J + + II I " I .. . I d
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COST SVUmAY REPORT

UOAS mWAAS MOORVAS LIGHT - p,CODE* 641 Cauca !! Cons I CoocI •92-COKEO 641

METHOD mAD 6IH SHIN AD UD

S[ATL lt, 3 YIN : ViI 3 YI 3 YES a5•

COST TO FLY(19 6) Slgo. 4139. S Til9 . ggg . 7756.

COST TO SJYIISS•)
MATERIA. 96. 1303 3314 3314. 1915.
MAHLACTUNING 11791. t930. a9n .28. 1930.

- - - - - - - - - - - - - - - - -- - - ---- ----

TOTAL COSTSlI906) 70351. s•97. as440. 56241. Uss.

DELTA COST-FLY(1986) S. 32572. S63s. -1477. 5S946.

DELTA COST-BUY(190) a. -3946- -32233.1 -12533 . -139)2.
- - - - - - - - ------- ------ ------

DELTA COSTS 96) . 1 8626. -6903. -141•. 119?.
- - - - - - - ----------- ---------------------------------

IWOD OVER PROJECTION:
TOTAL COSTS 72621. 1937. 11 36. 01356. 111544.
D^LTA COSTS 6. 36551. 3599. 6737. 29914.

*Costs in thousands of dollars.

:5•

COST GsU AY REPORT

HO145 MOVAS NOWAB LIGHT
CODKo So1 CODES 66t CODE@ a6 CODES •12 COVER N1

POE THOD GOOD SIED immD IRMSO IH6
SEATLIrE 3 S 3 YO 3 RS YoS a VRS

COST TO FLY(I19) als5&. •4139. S7116. 58669. £7116.

COST TO UY4196)
MAETERIAL "a.6 3961. 2314. 31.
AwodACTUNING 29. 2936. ,939. 8936.

TOTAL COSTS(1i66 ) 7031. 697? . 634". -341. .34411.

DELTA COST-•LY3It9 ) a. 32372. S536. -1417. 5650.

DELTA COST-IUY11339) a -13946. -12533. -3122.: -12533.

DLTA_ C01STI(199) 6. 16 . -63. -1413. -46902.

AVG'S OVER PIOJECTION:
TOTAL COSTS 7M . 369172. 6m6n. 613W6. 66153.

DELTA COSTS 6. 3SS1. 19969. 6737. IS99.

*Colts n Ithoulanls of dollars.

COST SeEWmmyR REPORT

UONEAR3 340•r^9 S ORrAm LIGHT
C-- I c I COVEN 662 CODEG fog CODES 132 CODER 636

METHO 46 RMau E IN" IHo 3)39 IMED
4SEATL r 3 • I S YS 3 IRS T 3 YO I Y39

COST TO rLYu(ISG) SIS. 141". 57196. 509. 137619.

COST TO gu.y 19S6)
PMATER IAL 04. 19 1. 3334. 3314. R833.

MALEEjACTJSIENO 11799. 293. 29311. 2926. 2936.

TOTAL COSTSI()1 70353. 66?977. 63441. 36341. 3466.

DELTA COST-rLY119 ) . 32, 572. 563 -1477. 546.5

DELTA COST-5 1JV(131) 6. -t3l6. -1213S -1SS. -16t.

DELTA COSTS()366) . 11624. -6945. -3461. 71647.

AVO'D OVER PROJECTION:

TOTAL COSTS 72625l. 109175. 99534. IS6. 363363.

DELTA COSTS a. 3692. 33967. OTIS. 96946.

OCOIt$ in IhOusands of dollars.

4 -:+a- • " • -I+ .
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VOh.4
8 3  

NOPFAD NIOR A8 LIGMI .t

IODES 81 tOTEM 992 CODES 889 CSCO SZO O El" Bit

METHOD GRAD IM.D [MOMD [MD I3MD
SEATLIFTE 3 "I s ' s 3 085 3 Y85 3 080 Ii
COST TO FLY,1986) 51566. 84139. $7196. 58199. 37536.

COST TO SBur96s
88T(5384 6988. 1981. 3314. 3314 5576.
MAMJACTURING 11799. 2938. 9938. 293. 2938."

TOTAL COSTS1986) 78353. 88977. 63448. 56341. 46058.

DELTA COST-FLY(T1986 8. 32572- 5638. -1477 -14830.

DELTA COST-51Y(11986) a -13948. -12535. -18273.

DELTA COSTS(1906 8. 18624 -6985. -14812 -24393.

AVG'D OVER PROJECTIOI:
TOTAL COSTS 72623. 399175. 88538. 1358. 79165.
DELTA COSTS 8. 36552. I5907. 0735. 6542.

*Costs It louS-nd Of d0oliars. '1

COST SIMMARY REPORT

VONAR3 NORFAS MORFA LIGHT
CODE 0891 CODES 902 CODES 999 CODEO 812 CODES 912

METHOD GRAD 1M9D IMM MM O IMMls"
SEATLIFE 3 YRS 3 oRD 3 YRS 3 YS 3 YRS
--- --- ---- --- --- --.. - .- -- --- --- --- --- .- -- --- ---- --- --- ---- --- --- ---- --- ---- ---

COST TO FLY(1986) 51566. 84139. 57196, 59989. gauss.

COST TO SIJTII9A6I
MATERIAL 6988. DISS. 3314. 3314. 3314.
mANurACTURIHG i 3799, 0938. 2938. 2938. 2938.

TOTAL COSTS(19B6) 76353. 88977. 63448. 56341. 56341.

DELTA COST-FLYl1986T 8. 32572. 5638. -1477. -1477.

DELTA COST-BUY(1988i 9. -13940. -12535. -12535. -32535.

DELTA COSTS(T19861 9. 18624. -6905. -14912. -14912.

AUGp OVER PROJECTION:
TOTAL COSTS 72623: 189179, 88530. 83358. 81358.
DELTA COSTS 8- 36552. 15987. 8735. 8735.

*Costs tluisUatds of dollars.

-4

II
.4



SEAT CUSHION LAYER MATERIAL

MATERIAL CODE NUMBER: 00414
PRODUCT NO. :

MATERIAL NAME: NFR URETHANE
DESCRIPTION : POLYURETHANE FOAM. NON-FIRE RETARDED,

MEDIUM FIRM.ILi32

SUPPLIER'S NUMBER: 2

DENSITY: 1.200 LB/FT2 OR FT3
DENSITY FIRE RETARDANT FOAM: 0.000 LB,'FT2 OR FT3

COST: $ 0.680/FT2 OR FT3

YEARLY COST INCREASE: 0%

UNIT COST CHANGE/VOL. COST: 4 0.000/4 0.

END OF SEAT CUSHION MATERIAL REPORT

SEAT LAYER DESIGN REPORT

SEAT DESIGN NUMBER: 011

LAYER NAME CODE NO. * MANUFACTURER'S COST FACTORS
.... ............ -------- LABOR - FABRICATION I.('

A WOOL/NYLON 005 - PLANNING 1.00

B NORFAB AL Oil ASSEMBLY 1.00

C---- ------------------ -0- -ISPFECTION 1.00
Eu -.- .--- .. ... -. -0- TOOl ING 1.00

F --------- ------------ 0- - DFVELOFMENT
F NFR URETHANE 11K 0044 - DESI,N

NFR URETHANE BM 0044 ENGINEERING 1.06

NIR URETHANE HD 00414 - SUST.
ENGINEERING 1.00

* FIRE PERFORMANCE PARAMETERS - OVERHCl
TOOIING 1.00

ILD(BK) = 0 ILD(IT) = 0 ILDI(HR) = 0 - MISC. 1.00
AF'F'LY TO LIEIIGPNO 011

2.5 FLUX: MOOT = O.OOE+00 k = 0.00 MPG %/YR INCREASE 0.

5.0 FLUX: MOOT = 0.001400 E = 0.00
7.0 FLUX: MOOT = O.OOE+00 E = 0.00

S LIFETIME OF A SEAl MEASURED1 IN NTMBI k OF YEARS
BOTTOM 2.5 BACK - .0 HNIAI'Eu1 FS ,

SEAT CUSHION E 8IGHT PER CUSHION Icte: 6/22/82

SEAT CUSHION DESIGN NUMBER: 013
vS.

SEAT DESIGN REFERENCE NUMBER: 001

AC A BOTTOM HEADREST TOTAl
LBS *Ibs LBS SLS LBS ILBS LBS 1 11

COACH:
1.83 0.20 3.09 0.02 1.34 0.02 6.25 0.20

SHORT HAUL:
1.83 0.20 3.08 -0.02 1.34 0.02 6.25 0.20

IST CLASS:
2.01 0.21 3.14 -0.03 1.60 0.00 6.95 0.19

N DEL TA WEIGHT

ENB OF THE ICEIGHT kFORT

S,
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V"-,N$8 809126 t ORVAH LIGHT
CODES 0et CODES 082 CODEs 09 (00CM 012 CODES 013

METHOD GRAD 3RO GRAD GRAD GRAD
SEATLIFE 3 yRS '"05 A YRS 3 YRS 3 YRS

COST TO FLY(1986) 51±66. 5j4139. 57196. 50489. 53248.

COST TO SUY(1986)
MATERIAL 6988. 753b 13312. 13312 13312.
MANUFACTURING 1:799. 1:795 11799. 11799. 11799.

TOTAL COSTS(196) 70353 103574 82387 75280. 78358.

DELTA COST-FLY19861 8 325'? 5630. -1477. 1602.

DELTA COST-BUY19866 81 64B 6324 6324. 6324.

DELTA COSTS(1986) 8. 3328 11953. 4847. 8005.

AUG'D OVER PROJECTION:
TOTAL COSTS 72623. 103193. 64204. 77544. 80504.
DELTA COSTS 5. 31178 11581. 4921. 7081.

*Costs in thousands of dollars

COST SUMNARY REPORT

UONAR3 NORFAB NORFAS LIGHT
CODER 001 CODE# 082 CODE# 089 CODES 812 CODES 013

METHOD GRAD NOOP NORP NORP NORP

SEATLIFE 3 YRS 3 YRS 3 YRS 3 YRS 3 YRS

COST TO FLY(l196) 51566. 59418. 52922. 51211. 51971.

COST TO BUY(1906)
MATERIAL 6980. 7149. 8562. 8562. 856Z.
MANUFACTURING 11799. 11790. 11798. 11798. 11790.

TOTAL COSTS19O6) 78353. 76358. 73283. 71571. 72332.

DELTA COST-FLY11956) 8. 7844. 1356. -356. 405.

DELTA COST-5UY(1956) 0. 161. 1574. 1574. 1574.

DELTA COSTS(1906) 0. 8085. 2930. 1210. 1979.

AVG'D OVER PROJECTION:

TC'T L COSTS 72623. 80963. 75545. 73759. 7455z.DELTA COSTS 0. 8340. 2922. 1136. 1929.

sCoSts in thousands Of dollars.

COST SUMMARY RE PORT

CONAR3 NORFAB NORFAS LIGHT

CODES 001 CODES 002 CODES 009 CODES 012 CODER 013

METHOD GRAD IM"D Imm ImmD LMAD
SEATLIFE 3 YRS 3 YRS 3 YR5 3 YRS 3 YRS
-- - - - - - - ---------- ------------------ ---------- ----

COST TO FLY(1986) 51566. 4119. 57196. 50089. 53240.

COST TOBU(96

MATERIAL 6988. 1961. 3314. 3314. 3314.

MANUFACTURING 11799. 2938. 2938. 2930. 2930.

TOTAL COSTS(1986) 70353. 88977. 63448. 56341. 59500.

DELTA COST-FLY(1986' 0. 3257? 5630. -1477. 1692.

DELTA COST-BUY(1986) 0. -13948. -12535, -12535. -12535.

DELTA COSTS(19R61 0 18624. -1;9R. -14812. -[0053.

AUG'D OVER PROJECTION:
TOTAL COSTS 7?2)4 85)77 I130 81356 4545.

DELTA COSTS 4. .655? 15907. 8735. 11922.

*Costs an *Sosands of no) .rt
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APPENDIX F-I

Development of an Algorithm and Data Gathering for Aircraft Seats

NASA Final Report, P.O. # A848638, ECON, Inc.

Editor's Note: Sections of this Appendix have been deleted for
the sake of brevity. A complete copy of the
original manuscript may be obtained upon request.
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FOREWORD

This final report has been prepared for the Chemical Research

Projects Office at Ames Research Center of NASA, Moffett Field,

California, under P.O. NO. A84863 B (EAF).

This report consists of documentation for the work performed

under the four contract tasks and serves to specifically

direct the computer application of the aircraft seats algorithm.

The report is organized as follows:

I. OVERVIEW OF AIRCRAFT SEATS ALGORITHM

II. DATA ORGANIZATION

CUSHION DIMENSIONS DATA FILE

CUSHION MATERIALS DATA FILE

CUSHION CONFIGURATIONS DATA FILE

REFERENCE CUSHION CONFIGURATION DATA FILE

AIRCRAFT FLEET PROJECTION DATA FILE

'NEW' AIRCRAFT DELIVERY SCHEDULE FILE

FUEL COST PROJECTIONS FILE

III. LOGICAL PROGRAM FLOW

DETAILED PROGRAM FLOW

OUTPUT REPORTS
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I. OVERVIEW OF AIRCRAFT SEATS ALGORITHM

ECON, Inc. has developed a methodology to calculate estimated costs

of the manufacture and use of advanced aircraft seat cushion configura-

tions that are being evaluated by tne Chemical Research Projects Office

(CRPO) at NASA-Ames for improved fire performance characteristics. The

methodology has been appropriately designed and documented for easy

adaptation to computer processing.

The primary focus of this effort has been on the evaluation of the

cost impact associated with manufacturing and flying various seat con-

figurations on a U.S. aircraft fleet-wide basis. In addition, the

approach developed will provide a logical framework for the storage of

physical properties data and fire performance indicators for each seat

configuration. Figure 1 illustrates the significant parameters that

influence the seat manufacturing cost and the weight impact on fuel

consumption of flying heavier or lighter aircraft seats. Each of these

parameters are discussed in detail in the second section of this re-

port.

Figure 2 provides a top-level, logical view of the proposed model

flow. This is expanded upon in the last section of this report in a

detailed, step-by-step, presentation of the model methodology. In

addition, the summary reports have been specifically defined and are

provided in conjunction with the detailed flow.

The development of the approach documented herein was significantly
influenced by the nature and availability of pertinent data. In areas
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where data is severely limited, as much flexibility in the data structure

as possible has been suggested. For example in the area of calculating

seat cushion manufacturing costs, there is currently very little insight

into the major cost components and how they will be affected by new

materials. The methodology developed allows the user to work with

data at several levels of detail, depending upon what is available to

him. Discussions between ECON and CRPO are currently in progress to

find means to expand upon this data base through NASA - funded contracts

with seat manufacturers to actually build seats with alternative cushion

configurations and track costs in an appropriate manner. Once a good

baseline set of manufacturing cost data has been provided, cost estimat-

ing tools such as the RCA Price model could be used to generate costs

of future cushion designs.

Because the Ames program is focused on cushion configuration al-

ternatives, other components of the seat structure are not considered

at this time. Furthermore, the methodology presented reflects a very

simplified approach to cushion design and dimensions in which both the

bottom and back cushions are rectangular in shape with uniform dis-

tribution of all materials across the rectangle. The dimensions of

the bottom and back cushions may be specified individually, but it

is assumed that they will be comprised of the same materials.

Despite the simplifying assumptions and limitations outlined

above, the methodology developed can provide a valuable tool for the

comparison of one seat cushion configuration with another and to

assess its impact on the cost to manufacture and fly an improved

aircraft seat.

.4 / ._ _ : _ . . . . . . . . . . . . . . . . .
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II. DATA ORGANIZATION

The data required by the aircraft seats algorithm, as configured

by ECON, has been organized into the following logical groupings:

cushion dimensions data

cushion materials data

cushion configurations data

reference cushion configuration data

aircraft fleet projection data

'new' aircraft delivery schedule data

fuel cost projections data

Each of these data groupings is referred to as a data file in the follow-

ing pages. The contents of the data files and the manner in which the data

are used in the algorithm are discussed. An initial set of data is docu-

mented, based on the data gathering efforts under this effort. In addition,

a sample display format for each data file is provided.

The detailed program flow in Section III of this report refers to the

types of data stored in each of the data files as the data is required by

the algorithm for computational or display purposes.

L

I,
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FIGURE 1

MODEL APPLICATION

." : 0DEL INPUT PARAME[TERS i

"" CUSHION flATE R IALS
" "" • DENS ITY
v - • RAW MATERIAL

* CUSHION DIMENSIONS IODZL OUTPUT

* MANUFACTURING PROCESS COSTS

* A/C FLEET PROJECTIONS "
* IUIIBER OF A/C

SNU ER OF SEATS PER A/C

* SEAT MIX (COACH, IST CLASS, ETC.) * COSTS PER SEAl 0-

SEAT LIFE * FLY (WEI m IIPACT)

WEIGHT IIIPACT ON FUEL CONSUIMPTION * TOTAL COS" ',VE0 T'IFI FL E E T FO R S i' [ F. I 1 OE T I E

F UEL COSTS HURI,'jtl TO - "THIA'UFACTURE
FLY (;'4EIGHT :!IPACT)

FIGURE 2

MODEL CONFIGURATION

A/C FLEET PPOJECT!O.
SpICIlfl SEAT CAISQON CALCUNlTl- S olN \0$ USED TO DETERMINE
CONFIGURATION - I COST OF HIATERIALS AND ANNUAL DEMAND FOR
IIATERIALS AND THEIR IIANUFACTURING COSTS SEATS AND ANNUAL ,O.

c D COST AND DENSITY PER SEAT OF SEATS IN FLEET

p.-, CALICULATE DELTA RAW

I:ATERIALS AND IFG.

COSTS FOR ENTIRE FLEET
(T[ ',F I0'Fo PA7 1ON OS

Fl'- i .,; L lt

E,
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CUSHION DIMENSIONS FILE (DIMEN)

The user of the aircraft seats algorithm may vary the dimensions

of the aircraft seat cushions to reflect an actual change in typical

cushion dimensions, or to examine the impact of a proposed change in

cushion dimensions. The dimensions to be used are stored in the cushion

dimensions file, in terms of the length, width and thickness of both

the bottom and back seat cushions. Different sets of dimensions may

be stored for coach and 1st class category seats. These data serve

to approximate the size of the cushions and do not take into account

any seat contouring or irregular seat shapes.

The initial data set for this file contains the dimensions used

by CRPO in their initial work to determine typical coach seat cushion

weights:

BACK CUSHION: 26 in. x 17 in. x 1.5 in.

BOTTOM CUSHION: 18.5 in. x 13.9 in. x 3.0 in.

It has been assumed that the primary difference between coach and

Ist class seats is the seat width. Thus, the initial data for 1st

class seats width is 2 inches greater than that specified for coach

seats.

The user may also bypass the calculations of seat area and volume

using seat cushion dimensions, and directly input the cushion area and

volume. This option may be desireable when area and volume informa-

tion is available and better reflects a seat cushion size, with its

various contours and irregular shapes, than dimensions data can pro-

vide. Area and volume data would be input to the cushion dimensions

file in lieu of length, width and thickness data for back and bottom

cushions for both coach and Ist class seats.

The display format for the cushion dimensions data file (DIIIEJ)

is provided on the following page.



SEAT CUSHION MATERIALS FILE (MATERL)

The file of seat cushion materials contains all materials that are

used to create seat cushion configurations for the aircraft seats algorithm.

Each material is numerically coded, with materials currently included in

the file identified by the code established by the CRPO. In addition this

file contains: the material name; product number; a brief description;

the material supplier, the density; and several estimates of a unit cost.

In some cases, one mater~al may be available in a variety of thicknesses,

in which case a lower-case alpha character will follow the 3-digit

material code to differentiate between thickness.

The initial data set for the seat cushion materials file has been

provided by the CRPO and is shown in Table 1 . The material prices

currently listed are those quoted to CRPO for their purchase of a

limited quantity of materials. The user may enter other price estimates

to more accurately reflect the material price in a large scale market.

The display format for an entry in the materials file (HATERL) is

also provided.
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IR/:LL I I H41AL UAIA ATl 10, SLAI .- v I- t'.-. 14 I NTAa! STI,,,A
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SEAT CUSHION CONFIGURATION FILE (CONFIG)

The seat cushion configuration file may contain up to 1000 cotabina-

tions of available seat materials (from the materials file) for evalt.a-

tion in the aircraft seats algorithm. As new materials are added t,

the materials file, new configurations can be specified. A cushion

configuration, as currently defined, can be comprised of all or a sulset

of the following layers:

LAYER A - Upholstery

LAYER B - Scrim

LAYER C - Heat Blocking Layers

LAYER D - Airgap Layer

LAYER E - Reflective Layer

LAYER F - Foam

The cushion configuration code has already been generated by the CRP

for over 300 configurations, as listed in Table 2 . These codes are

maintained in this data file. Any additional configurations can be

added to the file and will be assigned the next available numeric code.

In addition to a definition of the configuration by code and the

-. materials used for each layer, this file contains information about the

cushion configurations wear life, cost and fire performance. The

cushion wear life will probably be different for the bottom and back

cushions, and is tracked separately throughout the algorithm. However,

due to the limited information currently available, the manufacture and

fire performance in bottom and back cushions are treated the same for

the purpose of this exercise.

Manufacturing costs can be handled by the seats algorithm in several

fashions, to allow for the variability in the data available. The 'ost
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simple approach, Method A, is the direct input of the total cushion price.

If greater insight into the cushion price is available, a price breakdown

that includes labor cost, development cost, and overhead and profit rates

may be used. The algorithm will then generate a total price based on the

sum of labor and development costs, multiplied times the overhead and

profit rates:

TOTAL $ = (LABOR $ + DEVEL $) x OVERHEAD % x PROFIT %

Alternatively, using Method B, there may be no actual cost data available

for a particular configuration, but only educated judgements on how the

manufacturing process will differ in reference to a known seat configura-

tion. The Reference Configuration (REFRNC) file contains tile information

on the costs to iianufacture a selected reference seat, broken down as

follows:

LABOR: DEVELOPMENT: OVERHEAD: OTHER:

FABRICATION DESIGN ENGR TOOLING

PLANNING SUSTAINING ENGR FRINGES

ASSEMBLY OTHER

TOOLING

The data may be available at the category level (i.e., labor, develop-

ment, overhead, other) or at the sub-category level (i.e., fabrication,

planning, etc). Data is entered and stored for the new configuration to

indicate that, for example, fabrication costs are estimated to be 25..

higher than the reference, and design engineering I0' lower. These

differences are stored as factors in the configuration file. The

seats algorithm will use these to generate total seat cushion costs.

Finally, the seat cushion configuration file will contain the fire

performance characteristics of a specific configuration. At this point,

these are not directly used by the algorithm, but merely stored in a

convenient location for reference by the algorithm user. There are 9

I ~
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many potential measures of fire performance that could eventually be

included in this file. However, under this effort only three will be

addressed:

Radiant panel test results

Modified heat release calorimeter test results

C-133 test, derived egress time

The initial data set for the configuration file is largely com-

prised of the definition of configurations established by the CRPO.
Two of these configurations contain an amplified set of data to in-

clude seat wear life and manufacturing costs, as presented in Table

3. There is no fire performance data available at this time.

A display format for individual entries in the configuration

file (CONFIG) is also provided.

4 p"

p.
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REFERENCE SEAT CUSHION CONFIGURATION FILE (REFRNC)

The aircraft seats algorithm generates comparative costs, as opposed

to absolute costs, by comparing associated costs for the introduction of

a new seat cushion to those costs associated with a reference or baseline

seat cushion. The reference cushion will usually be one that is current-

ly in use in commercial aircraft. The seats algorithm then can be used

to determine the impact of changing the seat cushion to an alternative

cushion configuration. The reference seat cushion configuration file

specifies the configuration to be used as a reference by the configura-

tion code and the code for the material used in each layer. It also

includes data on the seat cushion life and manufacturing costs.

In this file, manufacturing costs are entered as dollar amounts

broken into the following categories: labor, development, overhead and

other. If data is available, each of these categories can be further

broken down into sub-categories to provide more insight into the con-

tribution of various manufacturing cost elements to the total price.

The costs in this file do not include material costs, which are added

in the algorithm to generate a total seat cushion price.

The initial data set for the reference file specifies a fire

retardant urethane foam cushion, encased in cotton muslin and covered

with the wool/nylon upholstery. The seat cushion life and manufactur-

ing cost data is preliminary in nature and has been derived from con-

versations with a variety of seat manufacturers, airline operators,

and NASA personnel.

A display format for thi$ file and its initial data set are pro-
vided on the following page.
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AIRCRAFT FLEET PROJECTION DATA (FLEET)

The aircraft seats algorithm has been structured to handle data for

three categories of jet ai-craft: 2 - engine, 3 - engine, and 4 - engine.

This structure has been employed to correspond to the format of U.S. fleet

projection data presented in the annual FAA Aviation Forecasts (See Table

4). The FAA forecasts have been developed with the aid of sophisticated

modelling tools that consider economic indicators, market trends, and

policy issues to generate the best available projection of U.S. air

carrier activity.

Within each engine category, data may be further broken down by

specific aircraft type. This additional breakdown provides the capabil-

ity to capture variations in seating capacity and the sensitivity to

changes in aircraft weight from one aircraft type to another. There

may be a range of three to ten aircraft types within each Engine category.

It is expected that some current aircraft types will be replaced by new

aircraft types in the time period under consideration, therefore alter-

ing the composition of the fleet.

The seats algorithm uses the fleet projection data and the 'new'

aircraft delivery schedule data (described later in this section) to

generate an annual requirement for aircraft seats. Following the in-

troduction of an improved seat configuration, the assumption is made

that all 'new' aircraft will contain the improved seats. It is also

assumed that seats in aircraft that are already in operation prior

to the introduction of the improved seat will be replaced as old seats

wear out. Figure 3 depicts this transition from current to improved

seats over the aircraft fleet, as it is treated in the methodology
.0 developed for the seats algorithm.

ECON, Inc. has created an initial data set of U.S. aircraft fleet

projections to be used in the exercise of the seats algorithm. As
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new or different information becomes available, new data sets can be

created. The initial data set includes only jet aircraft flown by

U.S. Air Carriers, excluding cargo transports which fly no passenger

seats. Historical data pertiining to the number of aircraft by type

in actual operation by U.S. trunk carriers, local carriers, and supple-

mental air carriers for the years 1978 to 1980 was obtained from the

World Aviation Directories, Nos. 79-82. Table 5 summarizes this data.

This data corresponds fairly well to the historical data included in

the FAA Aviation Forecasts provided for 2 - engine, 3 - engine, and 4 -

engine category aircraft. However, because the FAA aircraft forecasts

include cargo transports, it was necessary to adjust those projections

accordingly for use in the seats algorithm fleet projection. Without

the inclusion of cargo aircraft the annual fleet size was assumed to

be approximately 85% of that shown in the FAA forecast for both 2 -

engine and 4 - engine aircraft. An 85% adjustment approximates the

difference in the FAA historical data and the historical data recorded

in the World Aviation directory. The number of 3 - engine aircraft used

for cargo transport is currently very small and was assumed to continue

to be so, therefore the no. of 3 - engine aircraft in the initial data

set corresponds very closely to the FAA forecasts.

The World Aviation Directories were also the source for data on

the number of aircraft on order by different U.S. air carriers. The

initial data set created by ECON, only specifies two new aircraft types

by name, Boeing's 767 and 757, with first deliveries expected in 1983

and 1985, respectively. This reflects the information currently avail-

able about orders placed for new aircraft. In addition, other new air-

craft may be in operation during the time period under consideration,

4 but they are not specifically cited in the initial data set. It is

assumed that the reduction in the 4 - engine aircraft fleet as pro-

jected in the FAA forecasts reflects the retirement of a significant

portion of the B-707 type aircraft. The initial data set reflects

this as a gradual retirement. Otherwise, the distribution of aircraft

*.
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types within an Engine category has been done somewhat arbitrarily,

using the number of aircraft currently in operation and currently on-
order as a guide.

Table 6 documents the initial data set for U.S. aircraft fleet

projections by Engine category, by aircraft type, by year.

S.The display format for the aircraft fleet projection data file

.1 (FLEET) is also provided.



167

TABLE 4 - JET AIRCRAFT IN THE SERVICE OF U.S. AIR CARRIERS BY AIRCRAFT TYPE'

_Jet

Historical* 2 Engine 3 Engine - 4 Engine

1975 541 926 627
1976 514 1,003 619
1977 536 1,025 593
1978 563 1.074 551
1979 618 1,164 509
1980 665 1,262 501

Forecast

1981 669 1,284 459
1982 674 1,306 425
1983 757 1,328 397

1984 829 1,349 369
1985 927 1,370 344

1986 970 1,369 349

1987 1,015 1,368 354
1988 1.061 1.367 355
1989 1,105 1,365 356

1990 1.148 1,364 357
1991 1,191 1,362 361
1992 1,235 1,360 364

DATA SOURCE: FAA AVIATION FORECASTS, Fiscal Years 1981-1992, September 1980.
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"NEW" AIRCRAFT DELIVERY SCHEDULE (DELIV)

In addition to the aircraft fleet projections previously discussed,

the aircraft seats algorithm also utilizes data regarding the projected

deliveries of "new" aircraft to characterize the operational air carrier

fleet. It is assumed that, once improved seat cushion criteria have been

decided upon, all "new" aircraft will contain improved seats, while air-

craft currently in operation will replace existing seats only when they

are worn out or the aircraft undergoes a decor refurbishment. There-

fore it is necessary to differentiate between the number of "existing"

and "new" aircraft in any given year.

The "new" aircraft delivery schedule will, obviously, correspond

to the projection of aircraft fleet size. If the total number of 2 -

engine aircraft flying in a given year has increased from the previous

year by 20 aircraft, it can be assumed that at least 20 "new" airc.raft

have been added to the fleet. However, in examination of actual fleet

size and aircraft delivery data for 1980 one learns that other factors

must also be considered. For example, according to the World

Aviation Directory (Summer 1981, No. 82), there were a total of 52

more B-727 aircraft in operation in the U.S. air-separate carrier fleet

in 1980 than 1979. However, 81 "new" B-727's were delivered to U.S.

air carriers. Some of those "new" aircraft were used to replace

existing aircraft that were retired or sold to non-U.S. air carriers.

The "new" aircraft delivery schedule data is required for the algorithm

to provide insight into this occurrence.

An initial data set for the "new" aircraft delivery schedule has

been created by ECON, Inc. is shown in Table 7. Alternate or im-

proved aircraft delivery schedules may be created with the assistance

of the FAA or airlines themselves and used in its stead. Assumptions

4



171

about aircraft retirement from the U.S. fleet were made somewhat ar-

bitrarily, but in keeping with the general trends reflected in the

projections of fleet size.

The display format for the "new" aircraft delivery schedule data

file (DELIV) is also provided,

A.;

6

6o

.6
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AIRCRAFT CHARACTERIZATION FILE (ACCHAR)

The aircraft seats algorithm requires data from the Aircraft

Characterization File to generate information from the aircraft opera-

tions portion of the algorithm. This file contains three basic kinds

of data for each aircraft type included in the fleet projection and

"new" aircraft delivery schedule:

average number of seats

• percent of total seats that are 1st class

• estimated weight to fuel sensitivity

The initial data set for this file contains numbers for the

average number of passenger seats per aircraft type primarily based

on information provided by Jane's Pocket Book of Commercial Transport

Aircraft (Taylor, John W., Collier Books, 1978). In some cases there

are different number of seats for different versions of aircraft types,

such as the DC-8 Series 30-40 verses the DC-8 Series 60-70. In such

cases, these differences were averaged to derive one number represent-

ing a specific aircraft type. Information for the B-757 and B-767

was obtained from Boeing Commercial Airplane Company's Public Relations.

The data on 1st class seating is necessary to distinguish between

Ist class and coach seating because the size of seats in these sections

will most likely differ. The seat size influences manufacturing costs,

raw material costs and seat weight. At this time, the initial data set

was constructed such that each aircraft type contains Ist Class seats

for 8% of the total seating. This number was taken from the available

information regarding the B-757 and is considered to approximate the

split between each coach andFirst class seats for all commercial air

transport.

The approach taken in the aircraft seats algorithm to generate the
impact of additional weight on the aircraft fuel consumption is only one
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of many approaches. The algorithm is structured so that additional

approaches could be incorporated at a later time, if desired. This

approach was selected because of its simplicity and because of the

supporting data available from the United Airlines' publication,

"The Engineering Connection", April 28, 1980. In this approach an

estimate is used for the number of gallons additional fuel required

to fly one additional pound of weight on one aircraft for one year.

The estimate should represent, as much as possible, the varying route

structures across the U.S. It is assumed that there will be no sig-

nificant change in aircraft utilization over the years,as there is

currently no mechanism in the algorithm to allow for variations in

route structures from one year to the next.

The initial data set includes estimates for the weight to fuel

sensitivity, as described above, referenced by United Airlines for the

following aircraft: B-747, B-737, B-727, DC8-61,and DC-lO. The

estimates used for the other aircraft types in the file were approxi-

mated using the United estimates as a reference. The data generated

for the initial data set is provided in Table 8.

The display format for the aircraft characterization data file

(ACCHAR) is also provided.

A(

• I
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FUEL COST PROJECTION FILE (FUEL)

The cost of jet aircraft fuel is expected to increase over the

time horizon under consideration for the development of the aircraft

seats algorithm. The algorithm has been designed to allow the user to

specify annual fuel costs based on projections available at the time.

An initial data set for the fuel cost projection file has been defined

by ECON that reflects an annual increase over 1981 actual fuel costs

of 5% per year, as shown below:

YEAR FUEL COST ($1l GAL.)

1981 $1.00
1982 1.05
1983 1.10
1984 1.16
1985 1.22
1986 1.28
1987 1.34
1988 1.41
1989 1.48
1990 1.55 *
1991 1.63
1992 1.71

The display format for the fuel cost projection data file (FUEL)

is also provided.
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III. LOGICAL PROGRAM FLOW

This section of ECON's documentation of the methodology for an air-

craft seats algorithm to assess manufacturing and operating costs con-

tains a detailed logical flow of the program. This flow indicates the

sequence of the necessary calculations, the series of questions that

should be posed to the program user, and the nature of the user response.

It specifies when the contents of particular data file are required for

a calculation. It also indicates the kinds of summary reports that can

be generated. Each summary report is sequentially numbered in the

logical program flow, and a sample report format is provided in the

pages following the logical flow.

The detailed program flow documents the sequence of calculations and

steps of program execution as seen by the user of the program. It does

not dictate the internal structure of data organization and program de-

sign. However, the methodology was developed with the understanding

that there were no data base management systems available for use and,

therefore, any manipulation of the data would need to occur within the

structure of the program itself. Accordingly, the methodology reflects

an attempt to keep additions and changes to the data as simple for the

user as possible, while still providing a capability to upgrade the

data as required.

Each step in the program execution as outlined in the following

pages is numbered for documentation purposes only, to clarify the
sequence and allow references to previous steps or indicate a 'skip'

to a future step.
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FIRE P drECTICN STUDIES OF AIRCRAFT SEATS

I. MASS INJECTION STUDIES INIO THE ENVIEONM04T CAUSED BY THERMAL

DEGRADATION OF URETHANE FOAM AND OTHER OONSTRUCTIONAL MATERIALS

IN AIRCRAFT SFATS.

Investigators: Demetrius Kourtides, Alan Campbell Ling,

Wai Lee, Tan Atchison, Donna Davidson, & Sharyn Jupp

1. INTROUCTION

The purpose of the project is to develop a superior fire resistant aircraft

seat involving a ampramise between absolute fire protection producing a

seat that is too heavy with respect to payload considerations, and too

costly fran a materials viewpoint, and a light weight inexpensive seat that

offers no fire resistance at all.

The initial method of investigation involves the examination and development

of a heat blocking layer for the protection of the urethane foam, the prim-

ary cushioning mterial. One criterion for the acceptibility of a superior

heat blocking layer is that it must provide both a greater cost benefit and

better heat blocking performance than the current 3/16" layer of VonarS

pmsently used in danestic aircraft.

It is postulated that one of the largest contributors in the development of

a hostile environment inside an aircraft cabin during a fire is the produc-

tion of flammable and toxic vapors fron soft fabrics and furnishings, the

majority of whiLh form the seating facilities in an aircraft. In particu-

lar, the flammable vapors derived fran thermal decomposition of the urethane

foam cushions. Thus a primary objective of this phase of the investigation

was to determine quantitatively the effects of a fire on sud foam materi-

als, and to develop methods that will reduce prodiction of such flammable

vapors.



This initial investigation has therefore concentrated on determining the ap-
parent weight loss sustained by the central cushioning material (fire-

retarded fire-resistant urethane foam, and non-fire protected foam), togeth-

er with determining weight loss factors sustained by the other components

that comprise a typical seat cushion, both as a function of time, and as a

function of the thermal flux incident on the front face of the seat cushion.

Parallel investigations involving theoretical and semi-empirical modelling

of the heat conduction and thermal radiation properties of various materi-

als, has led to the development of a simple model based on six identifiable
layers in a typical seat cushion. This model cushion (see Figure 1) con-

sists of the following six layers:

1. The Wool-Nylon fabric layer (outer decorative cover).

2. The reradiative char layer (formed from the heat blocking

layer by thermal degradation of suitable fabric or foam).

3. The transpirational layer (allowing vapor interchange).

4. The air gap layer.

5. The reflective layer (to assist in controlling radiant energy).

6. The cushioning foam (solely present for comfort factors, and

the primary agent that requires thermal protection).

Table 1 lists the materials that have been chosen via a conflicting set of

criteria (cost, comfort, availability, thermal safety, constructional via-

bility, toxicity factors, weight/density factors, and aesthetics) for the

construction of current and future aircraft seat cushions.

As a preliminary study, small scale tests of the heat blocking efficiency of

candidate cushions were conducted using the NBS Smoke Density Chamber. The

4 NBS Smoke Density Chamber has been modified to measure weight loss as well

as smoke density, as a function of time, at a specific heat flux (range of
1.0 W.cm -2 to more than 7.5 W.cm 2).
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FIGURE 1 THERMAL PROTECTION MODEL FOR
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TABLE 1. LIST OF MATERIALS, AND THE PHYSICAL CONSTANTS OF THE MATERIALS,
CHOSEN FOR CONSTRUCTIONAL COMPONENTS IN CONTEMPORARY AND NEXT GENERATION

AIRCRAFT SEATS.

MATERIAL DESCRIPTION
NAME PHYS ICAL CONSTANTS TRADE NAME SUPPL IER

Vonar 1 Cotton 1/16 inch Neoprene Vonar 10 DuPont De
(Vonar 1) Foam with Cotton Cotton In- Nemours

Scrim inteqliner terliner
0. 11 Ib/ftc

Vonar 2 Cotton 2/16 inch Neoprene Vonar 20 DuPont De
(Vonar 2) Foam with Cotton Cotton In- Nemours

Scrim interliner terliner
0.18 Ib/ftz

Vonar 3 Cotton 3/16 inch Neoprene Vonar 3® DuPont De
(Vonar 3) Foam with Cotton Cotton In- Nemours

Scrim interliner terliner

Non-Fire-Retarded Polyureth ne Foam #BT 150 Scott
Urethane Foam 1.1 lb/ftl  Urethane Paper
(NF Urethane) Foam

Wool-Nylon 90% Wool/lO% R76423 Sun Collins &
Fabric Nylon Fabric Eclipse Aikman Corp.
(W-N Fabric) 0.097 lb/ftc

Polyimide Foam Polyimide Foam Polyimide Solar Turbines
(PI Foam) 1.2 lb/ft3  Foam International

Fire-Retarded Polyurethane #2043 Urethane E. R. Carpenter
Urethane Foam Foam Foam & Co., Inc.
(FR Urethane) 1.87 lb/ft3

Aluminized Heat Stabilized Preoxe Gentex Corp.
Celiox Polyacrylon trile 1100-4
(Al Celiox) 0.079 lb/fti

Aluminized 70% KevlarO Norfab Gentex Corp.
Norfab 25% NomexO 11HT-26-AL
(Al Norfab) 5% Kynole Aluminized

0.079 lb/ft
2

Glass SiO 2  181 E-Glass Gilwee
0.061 lb/ft2  Fabric (NASA)

Satin Weave



* 2. THE SMOKE DENSITY CHAMBER

3
The NBS Smoke Density Chamber is an approximately 3' x 3' x 2' (18 ft

ca. 500L) enclosed test chamber, connected to a manometer and an exhaust

system to purge smoke from the chamber. If kept open, the exhaust vent can

be used to provide continuous purging of the chamber while in use. In case

of sudden pressure increases in excess of six inches of water, the chamber

is equipped with an aluminum blow-out panel pressure relief outlet. A chro-

mel-alumel wire electrical furnace is used as a heat source. The furnace is

calibrated at least once every two week to ensure that the correct heating

rate is applied. To minimize the effect of smoke stratification a vertical

photometric system with a collimated light beam is used to measure smoke de-

nsity. The amount of smoke production is recorded via a Photomultiplier-

Microphotometer which registers the relative intensity of light transmit-

tance. The NBS Smoke Density Chamber has presently been modified via the

installation of a balance (Arbor Model #1206, reading to 0.01 g). This mod-

ification allows measurement of the rate of mass loss as a function of time

at any one heating rate.

3. CONSTRUCTIuN OF TEST SAMPLES

The test samples are approximately 3" x 3" by approximately 0.5 to 1.0" in

thickness; they are constructed by wrapping the heat blocking layer around

approximately 0.5" of the urethane foam to resemble a miniature seat cushion

(Figure 2). Each component of the miniature cushion is first weighed, then

neatly sewn together using neadle and thread. The cushion is then suspend-

ed from the balance and placed directly in front of the heater.



4. TEST PROCEDURE

After the electrical furnace has been brought to the desired heat flux, the

balance is checked by weighing a small weight (usually, a small piece of

urethane foam approximately 0.05 grams in mass). The sample is then sus-

pended from the balance via thread and a wire frame (Figure 3). To prevent

the sample from being exposed to the heat source while mounting the sample

in preparation for the test, the sample is mounted behind an asbestos heat

shield. After the sample has been mounted, the balance is checked again to

ensure that the sample is hanging freely, and that the supsension cord is

not binding. To start the test, the heat shiled is removed, and the lister

connected to the balance output initiated. The weight of the sample during

the test is measured by the balance and recorded via a Hewlett Packard 5150A

Thermal Printer; readings are taken every two seconds. After the test, the

sample cushion is cut apart and the remaining urethane foam weighed to det-

ermine the weight loss of the foam center itself.

As an additional check, the weight of the sample cushion is determined

before and after the test on a second static balance to determine the weight

loss.

5. CHAMBER OPERATION AND CALIBRATION

5.1 HEATER CALIBRATION

The heater is calibrated at least once every two weeks using a water cooled

calorimeter connected to a millivoltmeter. The heating rate is calculated

from the millivolt output using a calibration curve supplied by the manufac-

turer. The calibration is done by increasing the applied voltage five volts

every five minutes (starting at 25 volts) until a heat flux of 7.5 watts per

square centimeter is achieved. A plot of applied voltage versus heat flux

then provides the operating calibration curve for the furnace.
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Our test results will be used to calculate the time required to reach such a
condition of flash-over, assuming for simplicity that the following assump-
tions may be taken:

I. The amount of combustible material ejected into the air

comes from the decomposition of the urethane foam.

2. The mass lost by the urethane foam is equal to the amount

of decomposed vapor ejected into the air

The first assumption is an idealization. It is acceptable only if the major

portion of combustible vapors in the air comes from the seat cushions. The
second condition is more in the nature of a limitation, since our experimen-

tal procedure does not presently allow us to determine the exact amount of
combustible material injected into the air from the urethane foam.

6.1 NOTES & COMMENTS:

It is obvious from prima facie considerations that not all vapor from
the decomposition of the urethane foam is ejected into the air. Some of the

vapor must be trapped by the heat blocking layer. Firstly, there are small
but finite amounts of material adsorbed onto the fibres and surfaces of the
heat blocking material(s). Experimentally, using the technique outlined

above, this seems to be a very small effect, and can be neglected. Second-
ly, at lnw heating rates, the urethane foam melts rather than vaporizing.

This "liquid" urethane foam will then seep into the heat blocking material
and be retained, either as an adsorbed liquid, or after solidification,

within the heat blocking layer. Thirdly, for those cases where the heating
L

rate is very high, the urethane foam may decompose so rapidly that an en-
dothermic cooling effect will be noted, enough to cool its surroundings suf-

ficiently to allow vapors to condense inside the heat blocking layer. This
effect exhibits itself directly by a mass gain for the heat blocking layer.

'4



The endothermic decomposition (in situ pyrolysis of urethane vapors) induced

cooling effect from the urethane foam tends to improve the thermal prot-

ection efficiency of the heat blocker, and of the seat cushion as a whole.

A cyclic protection process is induced, whereby the foam itself protects the

heat-blocking layer, which in turn provides better thermal protection for

the foam cushion. Because decomposition of the urethane foam cools the sam-

ple, less mass is lost when urethane foam is present. In point of fact, it

was found advantageous to use non-fire resistant foam with many heat block-

ing layers, since the overall effect was quantitatively better than when us-

ing fire-resistant foam with the same heat blocking layer. Further, by

punching holes in the back of the sample cushions to vent the cooling vapors

back into the foam, we can decrease the rate of mass loss by the urethane

foam even further, allowing transpiration effects to assist in the overall

fire protection mechanism.

It should be noted carefully, that individual fire resistance by the compon-

ents themselves do not necessarily confer good overall fire resistance on

the sandwich itself. There are distinct synergistic effects noted, where

the contributions from each component in the whole package are superior to

their individual contributions.

The heat blocking materials tend to protect the urethane foams by two dif-

ferent mechanisms. Materials with aluminum, such as aluminized Celiox® and

aluminized Norfab®, tend to disperse and/or reflect radiant portions of the

heat flux. Materials containing Neoprene®, such as Vonar®, tend to absorb

the heat, emit water vapor, and thus cool the urethane foam. At low heating

rates, materials that will disperse the heat tend to perform better. At

high heating rates, materials that absorb the heat and create some form of

endothermic process (such as water vapor emission) perform better.

One of the practical difficulties of this form of testing is that at the

conclusion of the test procedure, decomposition of the urethane foam contin-

ues after the removal of the heating source by shielding of the sample cush-

ion. At low heating rates (2.5 w.cm- 2 ), this effect is small and can be
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neglected. At heating rates of 5.0 w.cm-2 the effect is noticeable. At

high power, with heating fluxes of 7.5 w.cm-2 the amount of urethane foam

decomposing during this after-test quenching period can be a major contrib-

utor to total decomposition.

A second shortcoming in this experimental procedure is that the precision

achievable from nominally identical samples is poor. Thus, many samples

must be tested, and average properties (mass injection rate and figure of

merit) determined. Single determinations, or the use of data from one sam-

ple in a set, can be misleading.

6.2 SUGGESTIONS

To determine the exact fraction of the mass lost from the urethane foam

that ends up in the environment as flammable vapor, it is necessary to de-

termine the qualitative content of the gaseous effluent from the foam as the

model seat is heated. Gas samples can be taken at various times during the

test using a conventional industrial "sniffer", and subjected to analysis

via routine GC/MS methods. This will also allow determination of the con-

tributions made by the heat-blocking layer and wool/nylon decorative cover

and/or other components to the flammable vapor reservoir injected into the

environment of the burning seat.

A more exact measure of the temperature profile across the seat cushion

would allow determination of the times and relative decomposition rates of

the components in the seat cushion. Small (to avoid local thermal reservoir

effects) thermocouples could be implanted into the sample to measure the

temperature at different depths into the foam cushion. The actual tempera-

ture required for significant decomposition of the urethane foam can be de-

termined directly by TGA, measurement of the temperature of the foam at dif-

ferent depths (measured from the surface subjected to the heat flux) will

indicate when any particular layer reaches decomposition, and thus an
indirect but valuable measure of the effective mass lost from the foam it-

self, without resort to mass measurements that are suspect due to several
contributing and often conflicting factors. Among other advantages, this
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indirect measure of mass loss would obviate problems from "after-test" ter-

mination errors caused by the so-called quenching period.

7. EXPERIMENTAL RESULTS AND DATA SUMMARIES

The following calculations and definitions are used in presenting the

data in the tables and figures that follow. The mass injection rate into

the environment is based on the mass lost by the urethane foam, and

calculated from the surface area presented to the thermal flux, and the time

required to produce the observed weight loss. A relative figure of merit

can be defined in terms of the mass injected into the environment for any

defined thermal flux.

7.1 CALCULATIONS

Wo ------ Weight of the sample. (The sum of the component weights)

Wt(O) ---- Weight of the sample at the start of the test plus any tare
weight. (The weight of the sample registered by the balance
at the start of the test)

Wt(T) ---- Weight of the sample at time T plus any tare weight (the
weight of the sample registered by the balance at time T
into the test)

Wfo  We ight of the ureth ane fo am be fo re the test (in gr am s)

Wff ---- Weight of the urethane foam after the test (in grams)

Te ------- Total Elapsed time of test (in seconds)

Area Area of sample exposed to electrical furnace (cm2 )

Q ------- Heating rate (in watts per centimeter square)

M -------- Mass injection rate.

E -------- Figure of merit.

% WEIGHT REMAINING = (Wo - [Wt(O) - Wt(T)] )/Wo*O0

% WEIGHT LOSS = [Wt(O) - Wt(T)]/Wo*lOO

Mass injection rate = M = [Wfo  Wff]/Te*Area

Figure of merit = E = Q/M
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7.2 DISCUSSION OF DATA AND CONCLUSIONS:

A full listing of all data, more than 300 samples were tested, is given in

Appendix A (blue colored sheets). It is useful to select from this listing

those samples that exhibited superior performance, defined arbitrarily here

as those model cushions that have a Figure of Merit (FOM) in excess of 10

(in arbitrary units).

The Figure of Merit is calculated from the quotient":

Heat Flux Incident on Model Seat Surface
Figure of Merit = FOM

Mass Injection into Environment

Thus, the higher the FOM, the better is the performance of the heat blocking

layer in protecting the urethane foam core of the seat cushion (less mass

lost and potentially injected into the environment for higher heat fluxes).

A listing of the best performing cushions is given in Table 2. It should be

noted that the precision of data gathering from sample to sample, and the

errors generated, do ot allow this figure of merit to be prcise measurement

of performance. In selecting the best performing cushions, 25 such samples

* were noted with FOM values exceeding 10, however, several sample cushions

occurred only once, even though tested more than once. These were deleted

from the listing, and only those samples that had frequency factors greater

. than unity were retained. For example, one cushion utilizing Vonar®-1 as
the heat blocking layer exhibited an FOM value of 150! Simlarly, one cush-

ion that did not have any heat blocking layer at all, merely fabric covered

foam exhibited a single value of 24 for the FOM value. 0

It is important to note, that of the 20 samples appearing in Table 2, 16 of

them (80%) are samples utilizing aluminized-Celioxs as the heat blocking

layer. Moreover, 18 of the 20 samples are ones with ventilation holes cut

through the back of the heat blocking layer, to allow "breathing" by the
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interior, and thus convective/transpirational t"aat exchange effects to as-

sist the thermal protection mechanism. One finl point is worth noting, of

the 20 top performing sandwiches, all but two of them utilized non-fire re-

tarded foam.

Table 2. Model Seat Cushions Exhibiting Figures of Merit Exceeding

10 Arbitrary Units at 2.5 Watts per square centimetre with

Respect to their Mass Injection Rates into the Environment

CONFIGURATION OF CUSHION SANDWICH FIGURE OF MERIT

Mean + S.D. (# of samples)

Fabric/Al-Celiox/NF Foam* 14.8 + 5.7 (4)

Fabric/Al-Celiox/NF Foam 15.5 + 3.5 (2)

Fabric/Celiox-Al/NF Foam* 13.4 + 2.8 (8)

Fabric/Celiox-Al/FR Foam* 19.5 + 3.5 (2)

Fabric/Norfab-Al/NF Foam* 18.5 + 1.5 (2)

Fabric/Vonar-3/NF Foam 20.5 + 3.5 (2)
4

"S.D." = Standard Deviation
* Vent holes through back of heat blocking layer.

4

4



7.3 OTHER DATA

Abridged summaries of the data collected for this project are given in Ap-
pendix A (blue colored sheets), and include the following:

Table 1. Sample identification codes and compositions of the sandwiches
tested in this program to date.

Table 2. Abridged weight loss data for all samples tested.

Table 3. Mass injection rates and figures of merit for all sandwiches tes-
ted to date at 2.5 watts per square centimetre.

Table 4. Thermogravimetric data for various materials used in the con-
struction of aircraft seats.

Table 5. Physical constants for some high performance materials used for

heat blocking layers, and for the selected wool/nylon decorative cover.

Table 6. Smoke emission and heat release data for urethane foam alone.

Table 7. Smoke emission and heat release data for Vonar@ foams used as heat
blocking layers in these studies.

Table 8. Smoke emission data for polyurethane foams protected by VonarO
foams in sandwich samples.

Table 9. Smoke emission data for various heat blocking layer protected foam
samples.

Table 10. Smoke emission and heat release data for sandwiches of foam and
various heat blocking layers.

Table 11. Heat release data for individual materials for aircraft seats.

Graphical representations of these data, in the form of fractional weight
loss as a function of time, are given in Appendix B (pink colored sheets).

[-

[

6
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TABLE 4. TN(RMOGRAVIW[TRIC ANALYSIS DATA FOR MATERIALS USED IN THE CONSTRUCTION OF AIRCRAT SEATS.
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H t"i' . L Y ,pi Pi AN~ CU0 IT WEAVEIPS T
01174 (q8H1

7
) ARP FILLIG Stuc"a(

OWot4 Cawit NOC

S IO.0 (311.90 12 1? 1/10s  AOaQ' "It"

8.3 (280n.12) 20 27 E Glass IO I I I P1'.'

" t vlisr/ I/ Oa Sof Sp.

,.Ahloitie4 11.3 (311.11) 20 IF E Glass ISO I ' I Pl4

Sat je
,0 tely MI, (42S.24) 81.0 %6.0 212S, 2127, Jacq.#rd ',.bi

- I

(6.50 q/02). l.'s ti the hq. SteteO W0M1, cited bIliq.

4%

-. l T " " d ' "p " -
9

- : . . _ , .. . . .
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TAKE 6. SPIRI EMISSION AND HEAT RELEASE DATA FOR PO.TIAET4MK FOAM ALONE.

slat EMISSION HEAT6 RELEASE

MATERIAL MEAT Tow TIME VALUE VALE TOTAL. T IN VALUE fTIME TOTAL
DISCRIPIION 10 (FLU OF F OF OT SNONE OF OF OF Q

RISE (SAC ) W/lt "N/it ::I do/t (sd (/)

3.0 2.0 18.0 too. 1078.41 96.0 1.0 44.0 31.0 2300 . 300

Fir* Retarded S.0 t.0 10.0 ISO 14.4 80.0 1.0 S6.0 20.0 2200.0

7a e . S a 1 6.0 12S. ISO 1346. 03 0I 9.0 0.0 48.0 18.0 2600.0

TAKE 7. SOME1 EMISSIONM 40 EAT RELE0SE6DAT .FOR0V FOA USED AS 4A 160 0IIG LAYERS.'

SM(FE EMISSION HAT RELEASE

811ESI3. MEAT TIME I4 THE 3 VALUE VALU TOTAL t TRE VALUE TIME TOTAL
EKSCIPIOR FLUXI (F OF (F OF 901 (F (F (F I

Went)~ im17161. MAXIMUM (1019835 MAoIMPl OF IVITIAL PlAll"0 MAXIMUM
RISE (sw ) AS/At AS/At RISE adA (set) (./c])
(sac) 10 11.C J 1  sac)

Cotton- 3.0 6.0 23.0 10.0 101.64 10.0 8. 20 30 2 00
0.0 4.0 A . 16 7m . 40) 786 . 431 10.0 2.0 I.S 9.0 20.0

laord 2

Celo 3.0 2.0 10.0 71.0 ?64.26 30.0 2.0 (1.0 13.0 2M.0
0.0 2.0 9.0 100.0 3076.43 "h.0 0.0 '1.0 8. 000

1.S 0.0 S.0 S1.0 Sill.0 3 0.0 0.0 31.0 S.0 100.0

Cotton- 3.5 9.0 10. 70 IS.0 162.54 5.-10 8.0 2.0 11.0 0.0

0.0 3.0 ? d 62 .17 68 38) 20.0 2.0 3. 10.0 100.0

Cottons crie CollR' sheat 5wrp4A arund foam as in eta, seat*-.

TABLE 8. SI8IEE EMISSION DATA FOR PCLTuRET9ANE FOAMR PROTECTED BT Y0848* FOAMI REST BLOCKING, LAYERS-

HATERIA HEAT TIME TIME VOLUlf VAL I TOTAL
DESCRIPTION FLUX0 (F OF OF or SMOKE

(wit]2) IN8IT161. MAVII tHUN 13 MAXIMUM3 00 MM 1
RISE (see) ASlAt AilAt
(sac) ptl X /

vonsfv. 3.0 S.0 11.0 18.0 194.16 260.0
0.0 2.0 0.0 81.0 606.62 210.0

?s& .; 2.0 S.0 100.0 1076.43 230.0

7ea42 .0 1.0 10.0 100.0.. 1076.43 20.

enr3 3.0 6.0 10.0 20.0 249.11 290.

S.0 1.0 0.0 816.0 *%.?, 370.0
*7.S 3.0 6.0 100.0 1016.41 330.0

* rthane Fer wr.ape in a cotton Kcris Cover Sheet, beat l ocking Is"?. (Vad" foam) Wr#PPe aod
this0 Cent~ral Cstilonlnq package.
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1' VROS oj0T RLOC1% 164105 A40wlIlo F OAR!' OVERS!.

MATERIAL VAL .0 VAL JI TI[ME '
DESCRIPTION 1F F 'AM '1 FOAM OF F IAM A F 'AM

RagI-MybsY Falbr,c'Fsa. 45.0 484.39 P.1, 3s.^

(12.6 ROvSO. yard) 64.0 6018.91 5.n I1.

99.0 1065. 66 2.0 15.0

AoMM-*I/FR FOAM 100.0. 1076.43 15.0 30.0

*100.0- 1076.43 10.0 is

I00.0n. I nT6. 43 5.0 20.0

A.M4orfab*/FR Foe, 53.0 D 570.51 90.0 130.0

55.0 592.03 50.0 90.0

F anrIc/AI.786,fibI/Foae S2.0 555. '4 55.0 S

500 53R.21 50.0 70.1

,439.0 419.91 10.0 45.0

FABLE 1I SMOKE EMISSION 0016 AND "fRI fI 6SF DATA FlA SANDWICAES OF FR FIRM AND

VARIOUS HEAT RLoCEI7G LAYERS (?I1A AND WITHOUT A W005.57106 FARRIC COVER).

MATERIAL. OAt T [IfM IME RRL'IF VALr 1 0!'AL
DCOCRIPT IfN RICAI 17 (1 T OF SMOF E

(bU) N 16 1 41'AJ AXRIAAM MAXIR1MAF 30
RIO) (se) Is /Vt dSVt

ftC -see) -sec)

Fnrt/FR Fom, 3.5 12.' 001.0G 4 5.0 G A4. 3 SV.0
(32.6 se/sq. yard) 6.0t 5.0 30.0 64.0 5498.9 65.0

'6 2.0 15.0 99.0 1065. 6 105.0

RAMU.C.2/RR 5.0 1.0 20.0 210.0 3700.0 13.5 455.6

RoarO.3' FR S.0 00.0 65.0 210.0 4010.0 23.5 793.1

AI-A6orfa
6
/R oa 1.S 90.0 130.0- 53.0 si0.sl 200.0

5.7 20.0 4. Peak - ... --- 20.0

Ftnic/A.#RirfahR/Ff 1% s.7 ? 6. 26.0 2q9.1 165.0
5.0 7.0 00.0 32.0 344.4 130.0

* 's 2.n 20.0 13.0 139.9 90.0

TAKE. IH. NAT RELEASE 0ATA FnR VARIOUS ATAERIALS 11010 FER AIRCRAFT SEATS

RATER IRE. I nM TIME VALUE1 rOYAL

lolli II MAXRIRRIR MAI IMIAm 11c;)

RROI.RyloA Fabric/FR RoaM 1.0 - 2.0 41.0 27.0 50

4. 3S.0 21.0 )00.0q
1.n 15.0 20. 13m0. 11

BI.64r916s/FB Fo an 110.0 120 - 250 16.0 '150.0

401.0 MY.0 ?2.0 500O.0

Si)cAIMr~lNF 6o . 4.0 14. 690.0

0.0 4 10 0 607.0
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PAST NO 994261 003 ekpat hkahumn

S.. 1 .). ALCELE2QM D.P-. 11-42-a 1-. 146 11.411
Ss- S6I 0 5(c Ft-) ALLIL~e.01
t.&-. KAw HEATING o- r

P.'g,.. 1t Ival~ DOC d.I 0ZUd WJ.241 tol.-a 1.3

262

* -24

-59

PAST NO 9921-5 nor mai ksuhlgut
S..pl.. ALCELIOX DA- 2-3u1-Oi Timme 12. Ilk 4

S.k. RAW HEATING q~.-tSS, PkC

4'

is.

is

to OW OW 111 411 M W few IOW
?.upw..&w. (C ADA



PVNO 994261 00) Du Put IkadIumUI

S..pl. F~dMmT).42 Out. 1II-Jl-1-S ll.. 9.17.S4
Sim-. 3.619 [D OSC FilX.. WYM9
t4.ft RAW HEATING op..A.. PRt

01 i

PAuf NO 994201 003 UIthiruit

S..p
1

. FR L~tET1 0.4. 7-J.1-1 TA-. 14.Mb49
St-. 3.4 MG OSC FiX.. FuIRmrnM8
Rol-. RAMP HEATING 0g..-Aeo PIC
F.-.g- a=.-.i.' OS .v P1.4U"d 9141 9. 3& is

IBI

so 1
mai u

to m m 4 ; " a "U i a
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PART No 994261.003 DOWi htisumomis

S..pl.. NGUPET)Q2 ODk.. B-JUI-411 t- 14.05RIO

R. RAW HEATING qfr& PK
P.-.i-.Z..4'..a.~.USC4.1Pl.AA.& 0-jul.41 14. 

4
3s45

*0 e

12 no~

U~mm 1. MG Fl-'~ a M im iiU

Rift. RANI HEATING Op....4..., PC
P...- .. Inim-l-.4 . OSN '4.1 Pl.44.I B-Jul-el II. 0419

-12

16 Os 0 N o O o IMIaa

Swwk "CMofRP4a



PART NO 19- 7 DuPont Instruments

Saw.. 2.9a MG D, S c F , PIFOA$N2.01
R.4.. RAMIP H*EATING cp-k pK

SA

w-121

-24.

I aS am 70 a 9w I Ia 122 go

T-.,. CC) Oa Pw" 1090

PART NO 994261 003 Dupont 11U'UIIUIIU

S..pl.. PIFOAM D.~.. -J3ul-6l T&-. 1,48 IG
Si. 2.6 8 MG SC FAl.. P!FOAI4.I
Rork:. RAW HEATING op.&.' PIC

4 4-

20I
in

IN -w M M SM SM ?W S am I1 Ila I20
oup.M am



RA- RAW WAIING Op.
4

_.- Pi
P'-g.-.1.o4 OrC '1.0 P2A&293.492 12.51.53

40 r

T

at

127- 3.'g
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PA[NO 944261 003 Du Pont Instr'uments

S...pl.. 'dWAR 0.4.. 8-3.4-81 Ti.. a. 3sm 0
SIZ. 11.8 mc [JSQ Fil. VONAR.81
Rcwt" RAW HEATING Op F

4
... P1

29

La

-2d

-4W

2k 20 of 460 sk m 1 S of IM It= :2
T." . "C) "RP,+ lo
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PART .O 9.476, M3 DOW~ kstrut..ats

S..pl. W00LNYt42 D.k. 10-31-Bl Ti... 11.,35. 17
six.: 4.2M [J1)s C Fll., WOOLNYNZ.91
R.!4.. RAMP HEATING oP-k. PK

-24

-0

-132

I in 2 !pi.m 5 7 = Ia i
111~*C 311-4 36 '1Im 1

PAST NO 994261.003 iauth f iU

S.S.5MG C Pal. VOONYLI
R-k- RAMP HEATING opw.korv PkC

4'

3

11 210 m 40 o "mU m I1110 tll im

C-C)01,P t la
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